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Abstract 



In this paper I review the possibihty of TeV scale strings that may be detectable by the Large 
Hadron CoUider (LHC). This possibility was investigated extensively in a series of phenomeno- 
logical papers during 1984-1985 in connection with the Superconducting Super Collider (SSC). 
The work was mainly based on a model independent systematic parametrization of scattering 
amplitudes and cross sections, for Standard Model particles, quarks and leptons, that were as- 
sumed to behave like strings, while gluons, photons, VK^, Z were taken as elementary. By using 
Veneziano type beta functions consistent with crossing symmetry, duality and Regge behavior, 
bosonic or fermionic resonances in each channel were included, while the low energy behavior was 
matched to effective field theory non-renormalizable interactions consistent with the Standard 
Model SU(3) xSU(2) xU(l) gauge symmetry as well as global fiavor and family symmetries. The 
motivation for this approach at that time was the possible compositeness of quarks and leptons 
but the same phenomenological approach would apply effectively with the modern additional 
motivations for TeV scale strings, such as the hypothesis of D-branes with large extra dimen- 
sions. Because some of the main theoretical and phenomenological work of that time appeared 
only in the 1984 Snowmass and other proceedings, the results of the investigations have been 
inaccessible to most researchers and consequently have been largely forgotten. Meanwhile similar 
approaches are being explored by other researchers. Given the renewed interest in the old results, 
the purpose of the current paper is to make them readily available. 



^ This work was partially supported by the US Department of Energy under grant number DE-FG03-84ER40168. 
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I. STRINGS AT THE LHC? 



It is everyone's hope that the LHC is on the verge of discovering new physics at the TeV 
scale. On the basis of the spectacular success of the Standard Model, the one sure thing that is 
expected at the LHC energies is the Higgs particle or something else that imitates it. Of course 
clarifying the nature of the electroweak phase transition will be one of the main tasks at the LHC. 
The Standard Model is consistent with several speculative scenarios of new physics at the TeV 
scale, including supersymmetry, technicolor, compositeness, large extra dimensions. While some 
of these, such as supersymmetry, are better understood with reliable computational tools, others 
such as technicolor and compositeness necessarily remain more obscure due to the presence of an 
assumed less understood strong interaction. There are no strong physical indications that make 
it necessary for any of these new physical possibilities to emerge at the TeV scale. Nevertheless 
none can be eliminated either at this stage. 

In this paper I will concentrate on how to hunt for signals of string-like physics at the TeV 
scale. The strings I have in mind could be either elementary, as in the case of large extra 
dimensions, or flux tubes of a QCD-like new strong interaction. Spectacular signals would be 
detected if the string scale happens to be reachable at the LHC energies. The formalism and the 
analysis presented here does not attempt to distinguish between the underlying physics because 
it was conceived in 1984 at a time before the flrst string revolution, and therefore it concentrates 
on compositeness. However, the same approach is easily adapted to the more modern ideas 
of strings and branes with large extra dimensions. If string-like signals are detected, further 
analysis can in principle be performed to distinguish between speciflc phenomena that may be 
more characteristic of one scenario versus the other (such as black holes). 

For a couple of years before and after the 1984 SSC workshop at Snowmass, I pursued the 
phenomenological exploration of string-like physics at the TeV scale. At that time this study 
was motivated by the idea that there may be a new strong interaction at the TeV scale that 
may hold together preons inside quarks and leptons. To observe the effects of such a strong 
interaction I suggested to look for string-like behavior at the TeV scale, similar to strings (or flux 
tubes) that occur in QCD. With this in mind I was the flrst to formulate the phenomenological 
parametrization of cross sections and amplitudes with Veneziano-type beta functions, to describe 
all relevant processes that involved "composite" quarks and leptons ^Lj^. Then together with 
collaborators that included Albright, Barbieri, Dine, Gunion, Hinchliffe, Eilam and many other 
phenomenologists and some experimentalists, this type of phenomenology was pursued for many 
potential experiments at the SSC. This work was presented in P-[l3j most of which was published 
in proceedings of conferences that are not easily accessible. Therefore the papers that appeared 
in proceedings are being made available as attachments to the current preprint. 

Now there are more motivations, in addition to compositeness, to pursue string-like physics 
at the LHC. The idea of D-branes and large extra dimensions discussed by Arkani-Hamed, Di- 
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mopoulos, Dvali, Antoniadis, Randall and Sundrum [l4j-[T7j has revived the interest for possible 
strings at the LHC energies. Although the underlying physics is quite different than composite- 
ness, the method of phenomenological investigation, and many of the signals are very similar. If 
string-like behavior is miraculously found at the LHC, when enough data becomes available one 
can develop tests to distinguish the different physical phenomena as described in the details of 
the amplitudes, but the overall phenomenological approach is common and model independent. 
Motivated by this view, CuUen, Perelstein and Peskin suggested a phenomenological analysis 
which was quite similar to that of [I] [2] to investigate the possibility of strings. More recently 
Liist, Stieberger and Taylor |19j, discussed an approach which again is similar to the 1984 pro- 
posal in [l]j2], although they proposed more detailed computations of amplitudes using string 
theory adapted to the LHC. Given the revived interest, and the approaching possibility of new 
discoveries at the LHC, the material attached to this preprint may be helpful in the upcoming 
investigations. 

The following are the abstracts of the papers listed in ^-[I3]. The interested reader is invited 
to consult the original literature. In reading these papers, instead of the SSC now one should 
substitute the LHC, and for the most part one can easily substitute the idea of compositeness 
by a more general idea that relates to strings at the TeV scale. Differences in the underlying 
physics would appear in the details of the amplitudes. 

• Physics Above the preon scale, by 1. Bars [T]: The preon scale may be comparable or lower 
than the parton-parton center of mass energies that will be reached at the SSC. Then we 
expect resonance, Regge behavior, diffractive scattering and scaling phenomena to occur 
in analogy to the physics of low energy hadronic reactions. Such physical phenomena in 
the hadronic world could approximately be described by duality or string-like behavior 
(color flux tube confinement). To discuss this type of physics quantitatively for composite 
quarks and leptons we propose a model of scattering amplitudes and cross sections based 
on Veneziano type beta functions that correspond to duality diagrams for preons. All 
dimensionless parameters are fixed by analogies to low energy hadronic physics. Topics 
discussed include the preon scale, the Regge spectrum of composite states, model inde- 
pendent invariant amplitudes, preon models, preon diagrams and corresponding duality 
amplitudes, differential cross sections. 

• Probing for Preon Structure via Gluons, by C. Albright and 1. Bars [2]: Gluons form an 
important fraction of the partons at small x in pp scattering at SSC energies. Therefore, 
gluon reactions at the SSC may be expected to yield important signals for compositeness, 
if the preon scale is a few TeV. Here we develop a quantitative method for estimating 
many gluon scattering processes. Some of our estimates are model independent. We also 
propose explicit formulas for various scattering amplitudes based on a Veneziano-type beta 
function model that exhibits resonances and Regge behavior. Many interesting spectacular 
signatures are suggested in the resonance region, where massive vector bosons and/or 
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excited and exotic quarks and leptons could be produced. 

• Can the Preon Scale he Low? by 1. Bars The preon scale is bound from below by 
rare or unobserved processes [20] and from above by the cosmological abundance of stable 
heavy composites [21j. On the other hand composite models can be tested by the SSC 
or by low energy experiments only if is allowed to be at most 5-10 TeV. In search of 
such models we re-examine some conditions that must be fulfilled if A^ is small, and point 
out the possibility of certain mechanisms that could avoid the dangerous rare processes. 
In addition, certain properties of exotic composite particles, their possible role in breaking 
the electroweak symmetry and in producing observable signals beyond the standard model 
are also discussed. 

• High pt photon production and compositeness at the SSC, by J.F. Owens, T. Ferbel, M. 
Dine and L Bars [4J : The yield for direct photons for pr > 1 TeV is large enough to probe 
predictions of conventional QCD as well as to examine consequences of the compositeness 
of quarks at the scale of ^ 5 TeV. 

• Low Energy Signals of Composite Models, by R. Barbieri, L Bars, M. Bowick, S. Dawson, 
K. Ellis, H. Haber, B. Holdom, J. Rosner, M. Suzuki [5j: Some signals of compositeness 
that represent deviations from the standard model at low energies are discussed. Emphasis 
is given to exotic composites, strong P,C violation beyond weak interactions and small 
deviations in relations among the parameters of the standard model. Such eflFects may be 
detected at energies obtainable at CERN, LEP and the SSC. 

• Searching for quark and lepton compositeness at the SSC, by C Albright, L Bars, K Braun, 
M. Dine, T. Ferbel, H.J. Lubatti, W.R. Molzon, J. F. Owens, S.J. Parke, T. R. Taylor, 
M. P.Schmidt, H. Snow [6j: We examine a variety of issues connected with searching 
for compositeness at the SSC. These include effects of resolution, alternative methods of 
looking for deviations from QCD predictions, advances of polarized beams, and effects 
of compositeness on photon detection. We also consider how physics may look if the 
compsiteness scale is as low as a few TeV. 

• The effects of quark compositeness at the SSC, by I. Bars and I. Hinchliffe [7] : The effects 
of composite quarks on jet cross sections at the Superconducting Super Collider (SSC) 
is discussed with particular emphasis upon the rates for jet energies above the composite 
scale. Our main conclusion is that compositeness physics dominates other exotic physics 
if the compositeness scale is in the SSC range. Different composite models are compared 
in order to examine whether discrimination between them is possible. 

• Leptonic signals for compositeness at hadron colliders, by I. Bars J. F. Cunion and 
M. Kwan [8j: We consider composite models in which quarks and leptons have con- 
stituents in common. Detailed amplitudes for subprocesses of the type quark+antiquark 
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lepton+antilepton are constructed using the presumed similarity between QCD and 
compositeness/pre-color interactions. We demonstrate that sensitivity to compositeness 
scales, A, as high as 100 TeV to 300 TeV may be achievable at a supercollider with center- 
of-mass energy, ^/s = 40 TeV. For moderate values of A (< 15-20 TeV) cross sections are 
several orders of magnitude larger than the background Drell-Yan estimate, reflecting the 
presence of the new underlying strong interaction. Furthermore, some models exhibit a 
resonant structure in lepton anti-lepton pair mass spectra, near Mii ^ A , corresponding 
to heavy preon-antipreon composite states. If A is in the SSC range, compositeness would 
probably dominate the cross sections of most processes and could readily be explored exper- 
imentally. Finally, at SppS energies, ^ 540 TeV, observation of lepton-antilepton pair 
mass spectra with no deviation from the standard-model Drell-Yan prediction at Mif ~ 150 
TeV would place limits on A in the range 1.5 to 3 TeV. 

• Signals for compositeness in e+e~ to e+e~ and jJi^ iJi~ ^ by I. Bars J. F. Gunion and M. Kwan 
[9j : Theories in which leptons are composite lead to additional contributions (beyond those 
from the standard model) to the amplitudes for e~e+ ^e~e+ and e~e+ Detailed 
models, constructed by analogy between QCD and compositeness/precolor interactions lead 
to speciflc forms for these extra terms. We demonstrate that compositeness scales M as high 
as 4-7 TeV may be probed using e~e^ collision machines currently available and planned 
for the near future. Sensitivity to the type of composite model and its parity- violation 
structure is demonstrated. In particular we point out that there are no standard-model 
contributions to the scattering e~e^ when the incoming e~ and e^ both have the 
same helicity. Observation of a nonzero cross section in such a helicity scattering state is 
prima facie evidence of flavor-changing vector currents in the t channel or scalar currents 
connecting the e and ji lepton sectors in the s channel. 

• New physics signatures in polarized e~e+ experiments, by 1. Bars, Gad Eilam, J. Gunion 
[To]: In e~e+ experiments with the e~ beam transversally polarized we compute an asym- 
metry and show that in the near future it can serve as a probe of "new physics" up to scales 
of order 20 TeV. The asymmetry is proportional to the mass of the flnal state fermion and 
hence is largest in the production of the top quark (unless there exists a heavier fermion). 
There is practically no standard model background to this asymmetry. For example, at 
center of mass energies of 42 GeV, compositeness scales of 5, 10, 15, 20 TeV yield asymme- 
tries of 14.4%, 3.8%, 1.7%, 0.9% respectively. We have also found substantial deviations in 
the unpolarized cross sections. For example at 200 GeV and cos0 = 0.7 this deviation is 
estimated as 355%, 50%, 19%, 10% at the above compositeness scales. Our general analysis 
is applicable to other "new physics" as well. 

• Gomposite quarks and leptons, tests and models, by I. Bars [13]: The theory and tests of 
composite quarks and leptons are reviewed. A model that addresses the puzzle of lepton- 
quark symmetry within a family is presented. A dynamical mass generating mechanism is 
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discussed. The present evidence that requires the compositeness scale to exceed 3 TeV is 
reviewed and further tests at the SLC, LEPI and LEPII that would be sensitive to scales 
as large as 20-25 TeV are emphasized. Signals that would correspond to compositeness at 
SSC energies are described. 

I hope this compilation of old results would be helpful in the analysis of data as well as in the 
construction of new models. One needs to keep an open mind on the possible underlying physics 
until the LHC data becomes available. If and when some candidate events that fit the string-like 
description are seen, it would then be very interesting to fit to the general amplitudes in [1][2] 
to figure out the details of the underlying physics. 
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SUMMARY 

The preon scale may be comparable or lower than 
the parton-parton center of mass energies that will be 
reached at the SSC. Then we expect resonance, Regge 
behavior, diffractive scattering and scaling phenomena 
to occur in analogy to the physics of low energy 
hadronic reactions. Such physical phenomena in the 
hadronic world could approximately be described by 
duality or string-like behavior (color flux .tub^ 
confinement). To discuss this type of physics 
quantitavely for composite quarks and leptons we 
propose a model of scattering amplitudes and cross 
sections based on Veneziano type beta functions that 
correspond to duality diagrams for preons. All 
dimensionless parameters are fixed by analogies to low 
energy hadronic physics. Topics discussed include the 
preon scale, the Regge spectrum of composite states, 
model independent invariant amplitudes, preon models, 
preon diagrams and corresponding duality amplitudes, 
differential cross sections. 

I. THE PREON SCALE 



At energies far below the preon scale, E<<A , 

composite quarks and leptons are described by 8n 
effective Lagrangian 

ef f standard non-renormalizable * \ i • i 

where the non-renormalizable terms have powers of 1/A 
for correct dimensionality. We assume that gluons? 
photon and W, Z are elementary. Then they couple 
gauge invariantly in the effective theory. The 
underlying preon theory must have a sufficiently large 
number of preon-flavor chiral symmetries in order to 
suppress rare or unobserved processes that may be 
mediated by L i • m — otherwise A must 

be very large "€o"£)?^g?^ifi^Me^f The strongest %ounds 
on A , come from 4-fermi interactions as first 
discussed in ref, 1, 2 and later in the Snowmass 82 
study. 

Preon ^mgdels with such symmetries have been 
constructed * , These models, which satisy a large 
number of theoretical requirements, show that the 
repetitive family patterns can be understood as a 
consequence of comao^iteness, A general, model 
independent, theorem ' states that, for repetitive 
quark plus lepton families, one cannot find , preon 
symmetries that suppress all the effective family 
changing i|-fermi terms of the form 

2 _ (1+Y ) — (1 +T ) 
pT^SoYu — =2^'^o®o'Yu — + { preon symmetric terms) 
P (1.2) 

where o-subscripts indicate that these are the states 
before mass mixing. The constant X is estimated to be 
of order 1 by analogy to p-exchange in hadronic 
reactions (»n„=5AQ and A analogous to A^^ ). 
Assuming that^ the mix_ing angle^ are not large, the 
unobs^rjed decays and K ^fr^e, require the 

bound ' A >(20-30)TeV. This bound corresponds to 
the most intuitive situation. If true, the chances of 
seeing substantial signals of compositeness at the SSC 
are small. 

Possible mechanisms that avoid this bound are 
less intuitive. For example^, if mixing angles are 
large in the lepton sector [remember that ups and 



downs mix separately even if the relative up-down 
angles are small] such that e^^i: (or some other lepton 
heavier than the t), while s^, d,,, are close to the 
mass eigenstates s, d, y, then K and cannot decay 
with a family changing interaction, ' A model of this 
type, with no other problematic i(-fermi interaction 
including mixing angles, is given in another article 
in these proceedings . Another way which completely 
eliminates such dangerous terms is to divorce the 
quark family quantum numbers from those of the 
leptons. For example, we may have family preons which 
also carry color to construct quarks, plus a totally 
different set of colorless family preons to construct 
leptons. Then the family group for quarks is 
different than the family group of leptons. The cost 
we pay in such a model is to give up any simultaneous 
understanding of the origin of quark plus lepton 
families. Other, less attractive, avenues along 
similar lines are clearly possible. 

In this papei' we assume that A is not restricted 
by rare K of K decays. Then tRe remaining model 
independent bounds presently known to be unavoidable 
by symmetries are^ much less severe. They come from 
Bhabba scattering and the anomalous magnetic moment 
of the muon, and are easily satisfied if A is of 
order TeV. If this is the case we should sel* plenty 
of dramatic compositeness signals at the SSC, 
Furthermore, at SSC energies the effective theory of 
eq. (1.1) is not adequate and we must make a model of 
amplitudes by analogies to low energy (1-20GeV) 
hadronic physics as proposed here. 

In this paper we will use the mass of the 
preon-antipreon composite vector meson, M , as the 
characteristic scale of compositeness.^ This 
corresponds to A* of refs. (6,7), M =A*. Thus, the 
lower bound on is M >1TeV. Note^ however that in 
QCD the analogous state satisfies m -(3^5)A and 
therefore we might expect M^-(3-5)A fnote A*^ls not 
A ). We expect that the radius or composite quarks 
and leptons is R*1/A (as in QCD) and on the basis of 
the geometrical model we anticipate that the total 
cross section is of the order of 



tot 



2TrR = 



(9 to 25) |r 



(1.3) 



This normalization will be reflected in the asymptotic 
behaviour of the Pomeron contributions to the 
amplitudes given in the rest of the paper. 



There may 



a (model dependent?) 



also be _ , ^ ^^^^..^^..^ , , 

cosmological upper bound^- M <250TeV. The existence 
of such a bound is encouraging from the point of view 
of the SSC. The bound may be lowered if galaxy 
clustering is taken into account, a point which was 
not discussed in ref. 3. 

II. SPECTRUM OF COMPOSITE STATES 

The dynamics that confine the preons are similar 
to QCD dynamics that confine the quarks. Therefore, 
we may draw parallels between hadrons and composite 
quarks and leptons. For example, we suggest that 
composite fermions and bosons lie on approximately 
linear Regge trajectories reflecting approximate 
string (precolor flux tube) dynamics. The major 
difference from QCD is that a preon theory is expected 
to have almost exact chiral symmetries leading to 
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massless fermions (quarks & leptons) instead of 
massless pions. Therefore, the fermion trajectory 
a (s) (preon-preon-preon) must have intercept V^* 
instead of ^-V^ in QCD- The vector meson trajectory 
a (s) (pr eon-ant ipr eon) can be taken with intercept 
1/ , just as the rho in QCD, The soalar-pseudoscalar 
trajectory a^(s) (pr eon-ant ipreons) can be taken at 
the level of the daughter of V, with intercept -V^* 
instead of for the pion trajectory in QCD. Thus, we 
propose 

/(s) - a''(s) = 1+a^(s) = i^a's (2.1) 

The slope a'=M^/2 is chosen so that at the, mass of 
the vector meson a (M^)=1 , as required. 



particularly expected in theories with direct product 
precolor groups. Their mass is at least as large 
as M . Their trajectories actually may lie somewhat 
lower than those of V,Z etc. 

III. MODEL INDEPENDENT INVARIANT AMPLITUDES 

Here we present a general, model independent, 
formalism for massless fermion-antifermion f^f^^t^f^ 
and ferrriion-fermion f if 2^^f jf ^ scattering that is 
applicable to f^= any quark or lepton (or exotic spin 
Va fermions). We have found that the most general 
amplitude, compatible with preonic left-handed and 
right handed flavor chiral symmetries can be written 
as follows 



With these trajectories ^ we introduce a 
Chew-Frauchi plot of the expected heavy states with 
masses of order M^, as in Fig. -1. 



Spin 




Thus the mass of the excited states for various spins 
and mass levels can be guessed as: M for vectors, 
scalars; }/2H for excited spin ^V^ or ^/^ 
quarks/leptons ; v^M for spin 2 bosons, excited 
vectors, excited scalars, etc. 

Since the preon symmetries are only slightly 
broken on the scale of M , Am<<M , we excpect a high 
degree of near degeneracy (up to^Am) among the heavy 
states with various color, lepton, flavor or family 
quantum numbers. For example, an octet vector meson 
(color-anticolor) is nearly degenerate with a 
lepto-quark vector meson, or with a family changing 
vector meson. Similarly for scalars, spin V^, spin 
^/a etc. states. Only the nearly massless spin- V 2 
quarks and leptons show substantial mass splittings 
since m is large compared to 0. 

There may be different trajectories for 
composites (e.g. vectors) made of left handed preons 
versus right handed preons since precolor forces do 
not conserve parity. In this paper, as a first 
approximation this will be ignored. However, this 
point has to be revised for a study of parity 
violation in preon models. 

Additional exotic fermionic states with high 
color or high weak-isospin may be present depending on 
the theory. These have zero mass in the limit of 
exact preon chiral symmetries. Thus Am for such 
states, which is independent than M^, must be arranged 
to be sufficiently large for such fermions not to have 
shown up at present energies. The trajectory for such 
states would then have an intercept substantially 
lower than V^. 

Heavy bosonic states (V, etc.) of the type 
dipreon-diantipreon may be present. These are 



'^"^ "3L^'"lL ^2r\^4r*b"' "3r'""iR^2lV4L 

-C'" "3L^'^L ^2r\"iR-^"' "3R^%R^2lViL 

(3.1) 

and 



+t^[|c 



LR. 



(3.2) 



,LR 



,RL 



E^^ which would 



Four more amplitudes D 
have appeared as the coefficients of ^gL^^i r'^2L^4R * 
^^L^4R^2L^1R their parity conjugates have been 

seb equal to zero, since preonic left and right chiral 
symmetries demand it. Any 4-fermion interaction can 
always be Fierz transformed to our form. Our 
formalism in terms of left and right projections is 
necessary for the present analysis, but it c^ be 
related to old work on nucleon-nucleon scattering . 

The general form of the amplitude and . cross 
section for f^f^^f^f^ can be obtained from the above 
by crossing symmetry, which amounts to replacing 
v^-J-u^, v^-^Ug in (3-1) and interchanging the explicit 
s-f-^u in the curly brackets in (3.2). If the two 
processes involve just the correct fermions so_ tliat 
they are crossing symmetric reactions (e.g. uu->dd 
and ud-»-du) then the amplitudes are also related by 
interchanging 3^->u in the functional dependence of 
each invariant amplitude A(s,t,u)'^-^ACu, t, s) , etc. 
Since we can always find an f ifg-'-faf^ reaction which 
is crossing symmetric to a given fjf^-^-fjf^ reaction, 
it is sufficient to work out in detail just the 
fermion-antifermion case. 

When twOj^^r four of the fermions are quarks the 
amplitudes etc. are matrices carrying color 

indices and |a |^ means summing over the final colors 
and averaging over the initial ones. For example when 
all four fermions ^_ar^ c^arjjcs, with color triplet 
indices given as f^ -^fg » we write 



,.LL^ad .LL.a.d^-LL.a.d 
bo H c b V b c 



(3.3) 



A are the amplitudes corresponding to color 
owing horizontally (along the S-channel) or 



where 
lines 

vertically (along the t-channel) (see the diagrams in 

Figs. 2-i|). Then jA |^ means 



,LL 



i4 



a , b, c, d 



I^^LLjad 



bcl"=|A;;h"^|A;^r^Re(A-X^) 

(3.4) 



.LLi 



,LL*„LL, 
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Similarly for the other amplitudes A^^, B^^, b^^. etc. 

In a parity conserving theory we would have half 
as many amplitudes since A^^=A^^, etc. However 
preonic strong interactions Cprecolor gauge theory) 
generally do not conserve parity because^ of the need 
to preserve unbroken chiral symmetries ^ Even so 
m the remainder of this paper we will assume parity 
symmetry for these amplitudes for the sake of 
obtaining simple expressions that allow some first 
estimates of the cross section. This "approximation" 
should be revised for the very important study of 
parity violation in composite models. This implies 
that the spectrum may be left-right- asymmetric so 
that intercepts of trajectories and the overall scale 
of the amplitudes should be adjusted accordingly as 
suggested in the previous section. Since this is 
mostly a model dependent issue it is completely 
Ignored in the present attempt of obtaining a first 
quantitative estimate of the cross sections. 

IV. MODELS 

The role of QCD and electroweak forces in a 
theory of composite quarks and leptons is analogous to 
the role of electroweak forces for hadrons. Thus 
scattering amplitudes receive contributions form QCD 
and electroweak forces as well as from the underlying 
precolor strong forces. At very low energies E«A 
QCD + electroweak interactions dominate as describeS 
by eq. (1.1), just as electromagnet ism dominates the 
interactions among hadrons at distances much larger 
than several fermi. However when the energies are 
large enough to probe the structure of the quarks and 
leptons E>A the precolor forces, analogous to strong 
hadronic irfter act ions, should take over. At that 
point different preon models can make different 
predictions. To see this quantitatively we have 
estimated the amplitudes for i| different classes of 
models in the next section. These models differ from 
each other only in the general sense of the type of 
preons that carry color, lepton, flavor, family and 
chirality quantum numbers. Such preons label the 
diagrams that contribute to the amplitudes as 
indicated in Figs. 2-4. 

Class A 

Compo|ite fermions are made of three spin-V 
preons (PF where ^ has the quantum numbers of thl 
16 members of one family, F^ with i=1,2,3,... carry 
the family quantum numbers and P (usually) has none of 
the standard quantum numbers but carries precolor so 
as to make a precolor singlet, in specific models the 
lb component may be purely left-handed, 8-left and 
b-right handed, or a mixture of lefts and rights, as 
i'^JViV^R specific examples see 

reis, {^-^). The important distinguishing factor is 
that m Figs. 2-4, U and D carry both flavor and 
color, while family qiSntum nttiheers go HSITg with F. 

Class B 

Composites have again the structure of (PFii^) 
However, F , i=1,2,3 correspond to color and i=4 to 
lepton (or 4th color as in Pati-Salam). ij; has both 

flavor and family quantum numbers, e.g. u ^ a=1 2 ^ 
correspond to u n 4- ^ ' 

L» L*^L ^ specific example 
see ref. 4. Thus, in figs. 2-4 U. ^ and D, „ do not 
carry color, F does! 



preon ^ and a spin-V^ preon \\n (4>}\f). ^ has only 
family quantum numbers, while a 16 component ifj^lefFT 
and/or right R, is assigned color-flavor quantum 
numbers as in class A. 

Class D 

The structure is similar to class C, but now <^ 
has both family and color, as in ^^^^ i=family, a-color 
or lepton, while t\) has only flavor (up, down) and 
chirality left (L) or right (R). 

The scalars (j) of models C,D may be thought of as 
a pair of fermionic preons, such as (PF) or {P^p) of 
models A,B. In models with direct product precolor 
groups this may be particularly appropriate. 

These four classes cover a large number of 
specific preon models. Other structures' not covered 
above may also be possible. However, for the present 
purpose these four will be sufficient to illustrate 
3ome_quantitative differences among preon models in pp 
or pp scattering as shown in table 1 and the cross 
sections of section 7. 

V. AMPLITUDES AND DIAGRAMS 

In this section we will explicitly give the QCD 
(lowest ofder) plus compositeness amplitudes for quark 
+ antiquark quark + antiquark. The case of quark + 
quark + quark + quark is obtained by crossing as 
explained in sec. III. The important reaction quark + 
antiquark ^ lepton + antilepton (which modifies 
Drell-Yan) can be obtained by similar methods using 
similar diagrams and amplitudes as the ones given here 
and. of course, substituting electroweek interactions 
instead of QCD. Lepton pair production is omitted 
here for lack of space. 

The reader who wishes to understand the details 
should carefully study the QCD and model A,B,C.D 
amplitudes of table 1 and the corresponding prepn 
digpams^^f Fi^^ 2-4. The notation A^^^, A^^, B„^^ 
V * ' S ^® described in section III. H(v) 

corresponds to horizontal (vertical) color flow. The 
amplitude Pg(s,t) represents diffractive s-channel 
scattering via Pomeron exchange when the vacuum 
quantum numbers can be exchanged in the t-channel. 
Similarly P^(t,3) is the crossing symmetric pomeron 
amplitude. The amplitudes A''''(s.t) means that the 
quantum numbers of a vector meson V (or any particle 
on its Regge trajectory) appear in the S-channel and 
those of V in the t-channel, A definite function of 
s and t is later specified, in sec. VI,__for each one 
of these amplitudes. The notation V, V, z, I was 
explained in section II, Thus, in the diagrams two 
left handed lines ZjZ t correspond to V oneleft and 
one right I^fe correspond to Z, 4-lefts ^^.^lj^ 
or two scalars ZllZl*^' . correspond to V and two 



Class C 



Composite fermions are constructed from a spin-o 
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lefts plus two rights ^fc^ correspond to T, 

Note that we have made an approximation by not 
distinguishing the various types of preons, thus P P 
or U or U^U or_F F etc. are all represented by ^ 
V. Similarly for V, E, I. Thus, when there is more 
than one (|^gram that contributes to a given channel, 
such as A (^t), they add up to produce a factor, 
such as 2 A (s,t), etc., as given in the table. 
Diagrams involving^he scalar <j) (Figa, 2-4) have been 
represented by 3A rather than A , etc. This 
normalisation allows easier comparison between purely 
fermionic preon theories and those involving scalar 
preons. The factor of 3 was chosen on the basis that 
purely fermionic theories have often 3 diagrams 
contributing to a given process as opposed to 1 
diagram for scalars. Although the overall strength of 



A^^ could be different in various theories we will 
take it the same for every theory in this paper. 

The ± that appear in Figs. 3,^ and table 1 depend 
on whether the right handed preons U^^ or D^^ have the 
same precolor (+) or opposite precolor (-) compared to 
U , D . The origin of the(-) sign is the following 

u ^has the opposite precolor of U then 
conjugate Cu^ )^ [which' is equivalent to 
same precolor of U . The preon flavor summe tries 
would then treat U^^ and CU. )° on the same footing. 
Then, instead of the left-right spinor structure that 
appear in eq. C3.1) there would be only left handed 
spinors with (u )^ and (v )^ replacing u and v , as, 
e.g. V Y^v p , etc. However, we can rewrite those 
in terms of right handed spinors using^ 



_ TT ^V 

^st " 1: n 2M^ 

a*^0 V 



the charge 
] has the 



v° T^v"^ = 



V Y^V, 



thus explaining the (-) sign. Note that this fact can 
help to distinguish between models quantitatively 
since the cross sections of section VI are sensitive 
to this sign* 

V. BETA FUNCTION AMPLITUDES 



We have emphasised earlier that we may expect the 
compositeness amplitudes to describe physical 
phenomena similar to those seen in low energy strong 
interaction ha^ironic physics. Accordingly, the 
amplitudes A (s,t) etc. should display both 
resonance behaviour as well as Regge behaviour in the 
V(s) and V(t) channels respectively. Imitating low 
energy hadronic physics we may expect an approximate 
duality principle quantified by a Veneziano type model 
which is associated with string like confinement 
phenomena of the preons. 

In presenting this model we will assume, for _a 
first estimate and simplicity, that the V and V 
trajectories are approximately degenerate, (This 
could be revised easily following table 1,) 
Furthermore, since we suggested in eq. 2.1 o'j.^oty"'' » ^® 
may write all our beta function amplitudes in terms of 
a single trajectory: 

a(s) - i- + a's (1+i/5) 

An imaginary part ia's/5 has been added to provide a 
width and move the poles off the real axis. This 
phenomenological step is needed in practice since we 
need to perform Integrals over a range of s in order 
to obtain the proton-proton cross section (see section 
VIII). With this prescription the width of any 
resonance satisfies r/M~1/5, similar to the rho meson. 

thus, we find that for the correct resonance 
poles (V,i: etc.) and Regge behaviour to emerge we may 
take all amplitudes equal to the same beta function 



thus becoming equivalent to a 4-Fermi interaction. 
The first pole in the s-channel appears at the mass 

«v 



4^v 



st 



s-M^ + i 



This could be compared to the p° pole in pp->nn in 
order to estimate the coupling 

ft^ ^ K - = Sir 
^V ^pNN 

The asymptotic behaviour reduces to a sum of Regge 
exchanges . The leading behaviour is 

B - ^ g=^a' (-a(s))''^^^"'' . r(1-a(t)) 

st 4 °v 

The (-1 ) in the power is compensated by kinematic 
factors due to the spinors in eq. 3.1. 

To get the correct diffractive scattering in 
elastic channels we must include the pomeron 
contribution. This is given as 

2< , '"V^ a Ct)H 

P,(s,t) Cs/M^) P 

^ \ Cos(|a (t)) ^ 

2 p 

here the pomeron trajectory has intercept 1 : 
ap(t) = 1 a't . 

The symbol P, in table 1 or in sec. VII implies 
P (t,s) which is the same amplitude as above with s^^t 
interchanged. If this crossing is done naively, the 
amplitude P (t,3) will violate unitarity bounds when 
both t and s are large. In order to prevent this in 
our phenomenological estimates we replace 
(s/M 2)°^p^^^~^ by a ratio of gamma functions 

r(i|ap(s) + ap(t)| ) / r(1+ ^|otp(s)-ap(t)| ) 

which has the correct asymptotic behaviour and allows 
crossing without violating unitarity bounds. 

Note that, as s-*-", the optical theorem relates 
the coupling g^^ to the total cross section 

a^^^(s) = 1 Im M(s,t-0)--> ^ 

Therefore, from the geometrical model, eq. (1.3)* we 
estimate g^ * 9-25. We have thus specified a 
complete quantitative model which should allow us to 
estimate cross sections at SSC emergies which either 
approach or surpass by many factors the preon scale Ap. 

VII. DIFFERENTIAL CROSS SECTIONS 



A^^(s,t) = A'^(s,t) - A"^(s,t) 



Where 

1 2 , r(1"a(3)) r(1-a(t)) 
^st ^ " 4^v" r(2-a(s) - act}) 

Note that as the preon scale goes to infinity 
(a'^0) this amplitude reduces to 



We have now reached the stage of writing down our 
quark+anti quark ^ quark+anti quark differential cross 
sections by combining the reasoning of the previous 
sections. It has the form 



do 



1 



dt 16irs^ 



M 



(7.1) 



where |Mj^ depends on the process, as follows: 
UU-+UU. The cross section is identical for the 
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reac_tions uu->uu, dd^^dd, ss->-ss, cc->-cc, tt-^tt, 
bb-^bb. We obtain 

+ I (3y-z)Re(B*^P^)+2lpJ-]} . 

+ {s^^t} (7.2) 

Here the parameters x,y,z take different values in 
models (A,B,C,D), described in sec. IV, as follows 

x-C3,3,3,3) ; y=(3J,3,0) ; z=(0,2,0,3) (7.3) 

The ± is explained in section V. g is the QCD 
coupling constant g^/4TT=^0.1. 

uu->dd . _The expression _is i_dentical for uu->dd, 
dd^-uu, GG->-ss, ss-j-Gc, tt->bb, bb->tt. We have 

^i(3x^.x^)Re(B*^P^).2|pJ^} 
. 2s^(y^.y^.2y^y^)lB^J^ 

-t^l §; ± ifz^^ Re(B^^).2(z^.z^.2z^z^)|B^J^ 

+ |(3z^+z^)Re(B*^P^)+2|p^l2} (7.i|) 

The parameters x„ y„ z„ „ differ in models 
(A,B,C,D): 

X =(0,2,0,3) ; y„=(0, 0,0,0) ; z -(0,2,0,3) 
H H H 

X^=(3, 1,3,0) ; y^=(0, 0,0,0) ; z^=(3, 1.3,0) 
uu-»cc , JJ^^ expression is identical_ for uu^cc, 

UU-+t]t, CCji-UU, CC^tt_, tt_;*-UU_, tt^CCj^ dd-j-ss, 

dd-^bb, ss-^dd, ss-J-bb, bb-*dd, bb-»-ss. It is 

given by eq. (7.4) except for the value of the 

parameters; 

X -(2,2,3,0) ; y =(2,0,3.0) ; z =(0,2,0,0) ' 

^ " ^ (7.6) 

x^=(1.1,0,3) ; y^=(0,0,0,3) ; z^-(1, 1,0,0) 

uu-»S3' . _ The same_ formula _applies_. to uu-*ss, 
uu^bB, cc^-dd, co+bb, ttj+dd_, ttj^ssj^ dd->cc, 
dd->-tt, ss-J-uu, ss->-tt, bb^uu, bb-»-cc. it is 
given by eq. (7.4) with the parameters 

X =(0,1,0,0) ; y„=(0, 0,0,0) ; z„=(0, 1,0,0) 
H . H H (^^^^ 

X^=(1, 1,0,0) ; y^={0, 0,0,0) ; Z^=(1. 1,0,0) 

ud-»ud . The 3ame_ formula applies to ud-*ud, 
cs-^-cS, tb-i-tb, du^du, cs->-£s. bt-»-bt. It is 
obtained by crossing uu->-dd, eqs. (7.4) and (7.5), by 
interchanging s*">t. 

us^us . _ The sarae_ formula _applie3_ to us"'>us, 
uE^uF, cd^cd, cb->cb, td->td, ts-^ts, dc->-dc, 



dt->dt, su-»-su, st->st, bu->bu, bc->-bc. It is 
obtained by crossing from uu-»-ss, eqs. (7.4) and 
(7.7), by interchanging s-<-^t. 

uc-»UG . ^ The same_ formula _applies_ to uc->uc, 
ut'+u^ , cu;^GU, ct^ct, tu_^tu, tc_^tc_j^ ds->ds, 
db+db, sd+sd, sb+sb, bd-»-bd, b_s-»-b_s. It is 
obtained by crossing from uu->-cc, eqs. (7.4) and 
C7.6), by interchanging s^-»-t. 

uc-^ds . There is no QCD background for _th_is 

^i^^y*^^^ ™ "^^1 ^'^'^"^^i^ ^applies to uc->-ds, 

ut-i-db, cu^sd, ct^sb, tu->-bd, tc-»-bs. We have 

lM|^ = 2(x^ I Vv^^""' ^'^l^stl' ^"^-^^ 

where for models (A,B,C,D) 

x^ = (0,0,0,3) ; x^ = (2,0,3,0) (7.9) 

ud->cs . _ The same_ formul,a appMes to ud^c¥, 
uH^HtB", cs-^-ud, cs'>tb, tb->ud, tb->c_s. It is 
obtained by crossing from uG-»-ds, eqs. (7.8) and 
(7.9), by interchanging s*-^t. 

VIII. pp OR pp JETS + ANYTHING 

The physics of one and two hadronic jets in the 
final state of pp or pp scattering is related to the 
parton cross sections via the formula (see e.g. ref. 7 
and references therein) 

J 1 J 2 SI, J ^ dt 

(8J) 

+f^(x .M^)f^(x. ,M^)^^Cs,G,t)}/(1+6. J 
^ ^ ^ dt 

where, s=st is the parton-parton subenergy, 

x^-/Texp(- -^^- -g) . /s is the proton+(anti) proton 
total center of mass energy, yj and y^ are the 
rapid ites of the two jets and p_^ is their common 
transverse momentum. Finally, t= -§ Sin ^6/ 2, Q= 
-3Cos^e/2 with 0-scattering angle in cm. of partons. 
The sum i,j includes all partons, i.e. quarks, 
antiquarks and gluons. 

In ref. 7, EHLQ have made an extensive analysis 
of parton distributions, QCD background and new ^ 
physics at the SSC energies. Their treatment of 
compositeness was limited to energies much smaller 
than A , assuming that the SSC energies would not 
cross une preon threshold. Furthermore, even for such 
scales they did not include all possible 4-fermi 
interactions and the effects of compositeness on gluon 
+quark or gluon+gluon cross sections. 

The cross sections given in section VII provide a 
complete model for composite quark+anti quark and, by 
crossing, quark+quark scattering. The expected 
physics: resonances, Regge poles and diffractive 
scattering is included, unlike ref. 7. Thus, to see 
the effect of compositeness on jet cross sections we 
should use the formulas of section VII with §,t,D 
replacing s,t,u. To complete the calculation of the 
jet cross sections we must also estimate the 
compositeness corrections to the processes (gluon + 
quark gluon + quark), (gluon + gluon -> quark + 
antiquark), (quark + antiquark ^ gluon + gluon) and 
gluon + gluon^ gluon + gluon). It is important to 
include these because gluons dominate the ■ parton 
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distributions at small x. The calculation of the 
gluon cross sections is done in a separate publication 
following the ideas presented in this paper . 

Other interesting observables, such as the 
distribution of two-jet invariant masses is obtained 
from (8.1) by making appropriate cuts and integrating 
over rapidities. If the' SSC energies reach the 
resonance region this quantity should show bumps 
corresponding to the' vectors, scalars, excited 
fermions etc. in our Chew-Frauchi plot of Fig. 1. 

Plots of jet cross sections that include the new 
physics described in this paper will be given 
elsewhere. 
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F5g. 2b, Contributions to To obtain Aj^^ replace U^-Dl 



Fig. 2-4. Up, down quantum numbers are carried by 
U,d! Color or lepton quantum nos are carried by 
U,D [or by F]. Family quantum nos are carried by 
F'[or by U,D]. P|_ compensates for precolor, 
usually it does not carry the familiar quantum 
numbers. <t) stands either for a scalar preon or 
for a pair of fermlonic preons. See models A,B,C,D 
for distinctions. 




Fig, 4. Contributions to C^^^. To obtain C^^ interchange with li^.O^^ 
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Table 


- Amplitudes corresponding to ttie preon duality diagrams for models A,B,C,D and for QCD 


Reactions 


ftodel 


AWPL] 


^"^^^ "(^.t) ' 4? 5^ M„ * 6j My 




a"-"- 

fly 




By 






Utf*tJU 

dd^dd 

s?-*si' 
etc. 


qCD 


Hg'U/s-l/3t) 


Hg'(i/t-l/3sl 


-gV6t 


gV2t 


+ qV2s 


-qV6s 


A 


A^V.2A^V,p^ 


za + a + p^ 


i(A'-' + 2A^* + P 

5 


} 





±(2A^^ + A^^ + P^) 


S 


A^^ + 2A^^ + 


ZA + A + 


- ^ * ''s 


i(A^^+A^^^ 


±(A^^+A^^) 


t A^^iP^ 


C 


3 a"^ . 


3 A ' + P^ 


± 3A^^± P^ 








± 3A^^ t Pj 





3 A^V + 


3 aV^. P^ 


± p^ 


.3A^^ 


.3A^^ 


± P^ 
'^t 


















cc-M;ir 
etc. 














+ gV2s 


- qV6s 




A^^.A^V 


A^H P 

t 


± A^^ + A^^ 







- A + 


8 


A^^ . A^^ 


A^V + p 
^t 






±(A +A 3 


± A + P^ 


C 


3 A^^ 


p^ 
t 


± 3 A^^ 







- Pt 








3 A** + P^ 





± 3 A^^ 























dd-niu 

1 ss n:c 
etc. 






-qV6s 








+ qVZs 









2A^^ + A^^ + P^ 










±(2A''- + A*^)± P^ 


B 


A^^ . A^'^ 


A^^+ P 







±tA + A ) 


± A* ± P^ 


C 





3 A^V + P^ 










± 3A''*tP^ 


D 


3 A^^ 


+ 








± 3A^^ 


OtP^ 


uu-»-ss 
dd-cc 
cc*dd 

etc. 
















QCD 












+ qV2s 


-q'/6s 







A^^ . P, 
t 








Q 


t 


B 


A^^ 


A^^ . 

t 








± A t 


C 





P 

t 










* ^ 



















t 


















ud-njd 

cs-^T 

du-»du 
etc. 


QCD 






-9 /6t 


q /2t 








A 


A^%2A^^P 





±{A^* + 2A^^) tp^ 











B 


A^^P 


V¥ VV 
A*' + A** 




±{a" + a^^ 








C 


3A^np^ 





i 3 A^^±Pj 











D 


+ P^ 


3 A«^ 


0±P^ 


* 3A^^ 
























\is-*vs 






qV2t 


-q /6t 


q /2t 








A 


A^^P^ 





±(A^^ + PJ 













5 


A^^P^ 


A^V 


±A^^Ps 


.A^V 








cd*cd 


C 







- ''s 











etc. 


D 


^ 


Q 





























UC-»tJC 

d -Ml 


QCD 








qV2t 








A 


A^V + 


A^^ + A^V 


±A^V*P^ 








±(a^^.aV^) 


B 


A^V .P 

s 


A^^ * a" 


±A^^P^ ; 


±(A^^A^^) 








cu-^cu 


C 


+ P^ 


, .VV 
3 A" 










± 3 A^^ 


sd->sd 





3 A^^P 





± P^ 





±3A^^ 























QCO 






















A 





A^V.aVV 











±(aV^a^^) 


cu*-*sd 
etc. 


B 





Q 
















C 





3A^V 















D 


3A^^ 











±3A^^ 























QCD 




















ud*-*cs 


A 


A^^.A^V 
















etc. 


8 






















C 


3A^^ 
























3A^^ 





±3A^:v 
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Summary 

Gluons form an. important fraction of the partons 
at small x in pp scattering at 5SC energies-(* 40 
TeV). Therefore, gluon reactions at the SSC may be 
expected to yield important signals for compos iteness , 
if the preon scale is a few TeV, Here we develop a 
quantitative method for estimating many gluon 
scattering processes. Some of our estimates are model 
independent* We also propose explicit formulas for 
various scattering amplitudes based on a 
Veneziano-type beta function model that exhibits 
resonances and Regge behavior. Many interesting 
spectacular signatures are suggested in the resonance 
region, where massive vector bosons and/or excited and 
exotic quarks and leptons can be produced. 



Introduction 

If the preon scale can be reached or surpassed in 
the parton-parton center of mass at the SSC energies, 
we expect to find many signals of new physics 
indicating compositeness of quarks and/or leptons. 

In the following, we shall use the mass, 
M ^ 1 TeV, of the first heavy composite vector meson 
(analog of rho) as a convenient characteristic scale 
of compositeness. The existing bounds on the preon 
scale and constraints that must be satisfied in models 
consistent with of order 1 TeV are given in ref . 1 . 

In order to make quantitative estimates of the 
effects of compositeness and understand its 
characteristic signals, we must provide parton-parton 
scattering amplitudes which include the effects of the 
underlying strong precolor interactions. In analogy 
to ordinary strong interactions we need to account for 
massive M ) resonances, Regge behavior and 
diffract ive scattering. Quantative methods which are 
useful for this analysis were given in ref, 2. In 
particular, a spectrum of heavy composites lying on 
Regge trajectories was introduced, and a model for 
quark- ( ant i) quark scattering amplitudes was developed. 
These amplitudes were based on a string analogy 
(precolor flux tube) or Venezianc-type formulas (beta 
functions) which correspond to duality diagrams for 
preons . 

Here we follow the approach of ref. 2 to take 
into account the contribution of gluons to the partons 
and jets in the context of compositeness: Gluons are 
important because, among the wee partons (small x) 
which dominate the parton distributions, they make the 
largest contribution to the pure QCD background-^. We 
note that the role of gluons relative to composite 
colored quarks and color neutral leptons is analogous 
to the role of the photon relative to composite 
charged and neutral hadrons. This analogy helps a 
great deal to develop intuition and will guide us not 
only qualitatively but also quantitatively as shown 
below. In the same vein we introduce the vector meson 
dominance model to discuss spectacular signals of jets 
and leptons with energies of .order which are 

expected in the final states of p p collisions. 



Gluon Cross Sections 

The parton differential cross sections for 
a+b->c+d, where at least two of the partons are gluons, 
can be expressed in the general form 

2 

-!!2C£|M(g,t,Q)|2 (1) 
dt §^ 

in terms of the Mandelstoam variables §,t,Cl for the 
2arton reaction. To obtain the cross sections for 
p +p -> jets + anything, one must ^old these, along 
with purely quark cross sections, with parton 
distributions following the prescription oj the parton 
model , In what follows, we discuss |M| for each 
basic process with explicit modifications to the QCD 
results taken into account. 

gg->qq The preon duality diagrams that contribute to 
this process are depicted in Fig. 1 , where the gluon 
is attached to the preon that carries color. The 
kinematic factors due to the spins of partons are 
identical to those appearing in the QCD amplitudes for 
elementary gluons and quarks. On the other hand, the 
pure QCD invariant amplitudes,^ to lowest order, 
consist simply of poles 1/G, corresponding 

to the propagators of gluons or quarks. These must be 
replaced by composite amplitudes that have poles or 
Regge exchanges in the S,t,Q channels as indicated by 
the duality diagrams. Furthermore, as M ->■<», the 
composite amplitudes must reduce to the pure QCD 
amplitudes. 

Thus, in a model- independent way we can write 




Figure 1 

Preon duality diagrams for the gg ^ qq process. 
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where the three terms correspond to Figs, la, b, and c 
respectively. No interference terms between the 
diagrams appear because they are proportional to 
g-t't+Cl=0 in the zero quark_ma3s limit. Here Agis a 
form factor for the vertex gqq which must reduce to 1 
for a gluon on mass shell (§->0) and must have power 
asymptotic falloff as in analogy to the 

electromagnetic form factors of hadrons. similarly, 
A UAq^) is an amplitude with resonance poles or Regge 
elchanges in the gchannel (V=veGtor) or the 
t(Q)-channel (F=fermionj. In the limit NL-»-<» this 
amplitude must reduce to a simple t(Q)-chanftel pole, 
1/t(1/Cl), corresponding to quark exchange in pure QCD. 
Also, as 8^" it must reduce to a Regge exchange 
dominated by the quark Regge trajectory ot^. The 
function pL[pL) is the Pomeron contribution. Its 
presence will be better understood when we discuss 
gq'>gq below. 



As in ref. 2, we propose to construct these 
functions from ratios of gamma functions: 



Ac = 



1 r[1-a (§)] 
/F rC5/2-a^C§)] 



4t = "«'(1^iV^V^ 



r[i-a^(g)] r[i/2-/(t)] 
rC3/2-a^(g)-/ct)] 



C3a) 



(3b) 



where 
V 



a (§) = 1/2 + a'g(1+ir^/M^) 
a{t) = 1/2 + a'td+ir^/Mp) 



(4) 



Thus these amplitudes exhibit resonances that lie on 
Regge tragectories whose intercepts are chosen by 
analogy to hadrons (V - rho) and Jiy taking unbroken 
chiral symmetry into account (a (0)=1/2)* The slope 
a'=(2Mr) is required so that Re[a(l\)]=1. An 
imaginary part ia'Sr/M is added to provide a width. 
We shall fix it such that r/M=1/5 for all resonances. 
The overall constants are chosen to reflect the 
correct QCD normalization as M The gamma functions 
in the denominators provide the correct assymptotic 
behavior as §->■«> in^ lieu of kinematic factors in 
Eq. (2). The power fall-off of Ag could be 

increased by increasing the 5/2 in the gamma function; 
however, 5/2 should not be replaced by an integer, 
since this would cancel the poles of Ag, except for 
the first few. 



qq-»gg 
we have 
different 



This process is the inverse of gg^qq. Hence 
the same amplitudes, but the color factor is 
in the initial state: 

A^ 2 . 2 



^^1 



A^^P^ I 



(5) 



gq-^gq This process is obtained from gg-*-qq by 
crossing and changing the color factor in the initial 
state: ^ 

' ^ 2 



|M|2. (gW)l^h|^QlA^^.p|,f 



Here, in a somewhat ad-hoc fashion, we have added the 



Pomeron exchange in the t-channel Pg^, Pj^^. We choose 
this function as in ref. 2: 

cos[|ap(t)] r[l4l«p(S)-ap(t)l] 



where 



ap(t) 



g; - 9-25 



(8) 



The asymptotic ratio of the r functions is 
P ctp(t)-1 
(g/4M^^) 

Ihis form was chosen so that the unitarity bounds _are 
not violated in crossing to the reaction gg->qq in 
Eq. (2) and (5). 

gg->'gg Because we now have 4 rather than 2 gluons, 
compos it eness contributions to this process must be 
suppressed by a factor of a^^j^ relative to the 
reactions considered above. Therefore, to lowest 
order the pure QCD contribution of ref. 3 is adequate 
for a reasonable estimate. 

Rescaling from Hadronic Cross Sections 

There are certain reactions among gluons and 
composite quarks whose diagrams are essentially in 
one-to-one correspondence to reactions among photons 
and composite protons. Using this correspoondence, we 
may estimate the cross sections by a simple rescaling 
prescription applied to the Yp cross sections, as 
suggested below. As examples, we will discuss the 
total cross sections for gq all composites, and gq -> 
composite vector meson + composite fermion. 

tot, . 
(gq) 



According to the optical theorem the total 



cross section is given by 

o^Q^(gq) = J ImA(gq->gq) 



(9) 



In lowest order QCD, the triple gluon vertex does not 
contribute to the imaginary part of the elastic 
amplitude, so that this process is analogous to Tp ^ 
all hadrons. We can then estimate the new cross 
section by using the experimental data on o^q^^^^^ 
applying the following rescaling formula 



( ^%CD \ 1 
\ 9a I s 



CM 



tot' 



(10) 



where the color factor (2aQj.p/9a)=3 takes into account 
color averaging and substitutes the coupling of the 
gluon instead of the photon. HereP (s') is the 
center of mass momentum of Y+p, and § is the CM energy 
squared of g+q. The dimensionless quantity in the 
square brackets is evaluated at s' rather than 
where 



s' - 



2 

m 

__P 

4 



(§ + 



2M^) 



(11) 



The factor m^/M? allows us to rescale to the preon 
scale insteRd of the QCD scale. The translation of s 
by (m^/M?)(2Mf.) = 2m « 4.„^ takes into account the 
fact Khat chiral symfietry^is exact in the preon theory 
(massless quarks). This is equivalent to shifting the 
proton Regge trajectory from intercept ^ -1/2 to 
intercept ~ 1/2. 

Plots for_the total cross section o+.Qt(gQ) ^s a 
function of /§, at different values of H^, are easily 
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generated from known Yp data but will not be given 
here for lack of space. At small § there are, of 
course, peaks corresponding to fermions on the same 
trajectory as the quark (see ref. 2) similar to the 
peaks for N*, A, etc., in Yp. In the resonance region, 
apart from peaks, the cross section drops from 1.0 
(1TeV/M^) nb to 0.2 (ITeV/M )^nb. At larger values of 
/i"C> 10 M^) the cross section settles to almost a 
constant (but slightly rising) value of 0.1 
(1TeV/M^) nb. 

g+q->V+q(fl,) In this process the final state may 
consist of either a quark plus an octet/singlet vector 
meson, or a lepton plus a lepto-quark vector meson. 
(See the next section for more details.) This is 
analogous to photoproduction of vector mesons such as 
Y+p^p +p. By the scaling arguments given above we may 
write 



[~^(s,t,a)] 



2a; 



QCD 



9a 




Figure 2 

Preon duality diagrams for the gq ^ V(f,F) reaction 
of (14) and (15). 



gCVg) + q ^ (q.Aq,q ) + ' 
g(Vg) + q ^ (Qg»Q-,) + 



(15a) 
(15b) 



dt' 



o 

p 



(12) 



with 



2 

m 



u» 



^ (a+2M;) (13) 

M 



Here t is not translated, since in the t-channel we 
expect the quantum numbers of vector mesons, not 
fermions. We have assumed that the intercepts of 
vector meson trajectories are not affected appreciably 
by chiral symmetry (see ref. 2), Note that g+t+a=M 
is consistent, with s*+t'+u'-m +2m , so that the 
parametrization used for Yp-*-^^*^ i.e. (s*,t') or 
(s\u') or (u*,f) or (s\t',uM is not crucial to the 
rescaling. The rescaling could therefore be done from 
a theoretical expression or available photoproduction 
data for the differential cross section. Similar 
remarks apply to the production of heavy fermions 
instead of the quarks or leptons, if for example we 
compare the powers g+q->-V+(A, q«) to Y+p^p°+(A,q*) . 



g(V3) 



"-3 



(15c) 



take place, again dependent upon the type of X preon 
exchanged. The corresponding Regge exchanges are A 
and q* trajectories in the ^-channel as well as thS 
Q-channel for (15a), while exotic quark trajectories 
Qg and Q or and Q- occur in the a-channel for 
(T5b). All these are-'model dependent. 

If the colored octet meson in (Ua) is only 
virtual and couples with strength Y,, directly to a 
gluon, reaction (I4a) with light quark emission is 
just that discussed earlier for gq-»-gq. In all other 
cases, massive vector meson production occurs followed 
by one of the decay channels listed below: 



Vg - qq 
( I ) _ _ 



(16a) 
(16b) 

(16G) 



Vector Meson Dominance 

Vector meson production is also conveniently 
described by the Vector Meson Dominance model, 
provided the reaction takes place close enough to 
threshold, so that the preon quantum fluctuations are 
sufficiently "frozen" during the time of passage of 
the gluon. In this picture the gluon couples directly 
to the colored-octet preon bound state V„ with 
coupling Y„, in analogy to the p-Y mixing parameter 
Y . ^ 
P 

Two duality diagrams of special interest for 
vector meson production are shown in Fig. 2, where the 
colored preon, labeled C, is explicitly indicated. In 
Fig. 2a the reactions 



g(V3) + q (Vg,V^) + (q,A q*) 



g(Vg) + q ^ + (A,A^,A*) 



(14a) 



(14b) 

occur depending on whether the X preon exchanged 
between the vector meson and fermion carries color or 
not. In the above reactions the A or q* Regge 
trajectory is exchanged in the g-chan8el with a V or 
trajectory exchanged in the t-channel for (I4a)^and 
a V lepto-quark trajectory exchanged in reaction 
(I4b7. In Fig. 2b, reactions ' 



Some Spectacular Signatures 

Aside from the large deviations (magnitude, 
bumps, etc.) from QCD predictions expected in the pp 
or pp cross sections as a result of the preon 
structure discussed earlier and in ref, 2, some rather 
spectacular qualitative signature for compos iteness 
arise with the production and decay of heavy fermions 
and/or vector bosons when /s > M - (3-5) A . In 
particlular, we list the following: ^ 

1) Decay (I6a) of Vg into quark pairs leading to two 
quark jets nearly back- to-back with an invariant 
mass that resonates at M M . The momentum of 
each jet will be unusually large, roughly M^/2. 

2) Decay (16b) of V^^'^ into high momentum (~ M /2) 
quark or lepton pairs nearly back-to-back anX in 
the ratio 3:1 with invariant mass resonating at 
M « M /2. In general, the fermion pairs produced 
will belong to the same generation, but this need 
not be the case for V • in (15a), eg., if the color 
singlet boson is a bound state of preon pairs which 
carry the generation label. In this case, V ' 
corresponds to one of the "horizontal" bosois 
discussed in ref. 4. In a composite model the mass 
of any horizontal boson is expected to be 



approximately M^. 
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3) Decay Cl6c) of the V lepto-quark into a quark jet 
and a lepton nearly Sack-to-back with momentum 
and invariant mass resonating at M^^ = M^. 

i|) The above decays taken together with the production 
channels (14) and (15) result in three high 
momentum quark jets or a lepton pair and a quark 
jet with invariant masses peaked at the masses of 
the A or q* resonances, M = M * =: /2M^. The 
leptoS pair reaction will ftflen ?ield a large 
resonance contribution on top of the standard 
Drell-Yan background as discussed in ref. 5. 

5) Production of excited quarks (A ,q*) and leptons 
(A, with masses -/^M^i as we?l as possibly some- - 
fermions with exotic quantum numbers, with decays 
into light fermions and heavy vector mesons. 

6) Multiquark and multilepton production through 
multiperipheral graphs with Regge trajectories 
exchanged in the t-channel. Since the fermiog and 
boson trajectories are nearly degenerate, the 
light quarks and leptons can be emitted directly 
from the Regge exchange, without the production and 
decay of massive vector bosons. Hence a spray of 
quarks and leptons should signal the crossing of 
the preon threshold. The lepton-to-quark ratio 
should be just slightly smaller than I/3 due to the 
unbalanced quark in the gq reaction. 
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SUMMARY 

The preon scale is bounded from below by rare 
or unobserved processes and from above by the 
cosmological abundance of stable heavy composites. On 
the other hand composite models can be tested by the 
Superconducting Super Collider (SSC) or by low energy 
precision experiments only if A is allowed to be at 
most 5-10 TeV. In search of such models we re-examine 
some conditions that must be fulfilled- if A is small, 
and point out the possibility of certain ^mechanisms 
that could avoid the dangerous rare processes. In 
addition, certain properties of exotic composite 
particles, their possible role in breaking the 
electroweak symmetry and in producing observable 
signals beyond the standard model are also discussed. 

1. LOW ENERGY CONSEQUENCES OF 
PHEON SYMMETRIES 



The Structure of a preon theory is similar to QCD 
in many ways. Quarks are confined by color forces at 
a scale A^^^ to form hadrons; preons are confined by 
precolor forces at the scale A to form composite 
quarks and leptons (and maybe somi exotics). Like the 
quarks, preons come in several (pre) flavors that 
define the preonic symmetries. The major difference 
from QCD is that the preonic chiral symmetries must 
remain unbroken in the vacuum^. They are slightly 
broken when perturbed by another force which is small 
compared to precolor. This generates the small 
masses, m«Ap, of quarks and leptons. 

At low energies (E«A ) , in analogy to the sigma 
model that follows from QCD, we may write an effective 
theory (see e.g. ref . 2) that describes the low lying 
composite states of the preon theory. This must have 
the form 

^efk " L(standard) + L(non-renormalizable) . 

Thf symmetry structure of L is dictated at the 
sckle A where the bound states form. At A all known 
fqrces ^(including QCD) are small comparld to the 
confining precolor interactions. It is therefore 
useful to consider the limit in which all forces 
ejccept for precolor is turned off. The fully 
ciDnserved preonic flavor symmetries G that show up in 
this limit govern the classification of all composite 
States , These may include 

(i) 3 or more generations of massless quarks 
and leptons 

(ii) Massless exotics (color, weak isospin, 
charge) 

(iii) Heavy composites m > A classified in 

irreducible represent at Pons {r} of G„. 

F 

Only the states (i) and (ii) are included in L At 

ef f . 

energies E > A^ the states (iii) are also considered. 

The symmetries also govern the structure of 
the i|~fermi and other non-renormalizable interactions 
that appear in the effective low energy Lagrangian. 
SU(3) X SU(2) X U(l) must be a subgroup of G . It is 
gauged. The classification and structure of 
interactions provided by G are only slightly changed 



when QCD, electroweak or other mass generating 
interactions are turned on (however, the model should 
have the property that these symmetry breaking 
interactions must not mediate undesirable levels of 
neutral AS = l,aor other reactions that may be 
introduced via mass generation and "Cabibbo" mixing). 

The important role of the 4-fermi interactions 
for testing compositeness at low energies was first 
discussed in Ref. 2 and later in the 82 workshop^ and 
other articles'*. ' In the effective theory the 4-fermi 
interactions are assumed to have the strength X^/2A^ . 
If they mediate a rare or unobserved process then S 
may be required to be large. Here are some of thi 
bounds on A taken from Ref. 2. 



Process 

Proton decay 
K'^-ic" mixing 
D^-D** rjixing 
K ^ -FT ]i e 



Limit on A 



P e 



> XX 10'^ TeV 

> X X 400 TeV 

> X X 50 TeV 

> X X 30 TeV 

> X X 25 TeV 



Naively the magnitude of X (unless X=0 because of 
symmetry) is estimated to be of order 1 by analogy^ 
to QCD. [Note different definitions of the scale A 
used by others authors^***.] We see that from the 
point of view of the SSC the most interesting models 
are those with enough symmetries that require X=0 to 
supress each one of the above (and similar rare) 
processes . 

It is remarkable that many of the proposed preon 
models can be banned from the TeV regime (i.e. A >>few 
TeV) thanks to the existence of the few preBision 
measurements listed above. There are proposed 
experiments to improve the limits of K-decays. The 
impact of future experiments on A can be estimaited by 
not 'ing that the dependence of decay rates on A 
is quartic^: r (K~decay)-( 1 /Ap) ^ 

It is not difficult to find models=^ with 
symmetries that suppress the 4-fermi ■ and higher 
dimension interactions (i.e. X=0 JLndentically) that 
mediate (1) proton decay, (2) K'^-K*' mixing and (3) 
D°-D'' mixing. The criteria to eliminate these are as 
follows^: (1) Baryon number must be one of the 
conserved quantum numbers in the form of a U(l) 
embedded in G^. (2) There must be no symmetry 
embedded in (f that can transform the left-right 
components of zhe composite strange quark when written 
in the form Cs^,s ^) , where s ^ is the charge 
conjugate of s^^. This may be assured by requiring 
Sj^,s_ to belong" to distinct representations of the 
(sub7group(s) of G^. (3) There must be no symmetry 
in Gp that can mix the left-right components of the 
composite charmed quark in the form (c where c^ 

is the charge conjugate of c . Again, this may be 
assured by requiring c ,c Xo belong to distinct 
representations of the (sub) group (s) of G . [^The 
following provides an undesirable example: if the 
Georgi-Glashow SU(5) is embedded in G then the 
10 contains (o ,c ) and they can mix via a generator 
of SU(5)<G^. Tf tTiis happens then D°-D° mixing will 
occur via the 4-fermi interactions, and will require 
A > 50 TeV]. These criteria are compatible with the 
symmetry structure of the standard model based on 
SU(3) X SU(2) x U(1) which is expected to emerge as 
the low energy limit of the preon theory. 
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However, as pointed out in ref. 2, the case of 
K-decays is more delicate because, unlike the other 
proceses, X=0 may not be so easy to achieve by 
symmetries which classify the ^uarks^ and leptons 
t ogether in repetive families. K ir pe or K -> 
^e can be eliminated by symmetries only b^ deviating 
from the intuitive classification of families 
suggested by the standard model as described below. 

The mass spectrum of quarks and leptons together 
with SU(3) X SU(2) X U(l) anomaly cancellation 
arguments within the standard model have led to the 
notion that a single family contains both quarks and 
leptons and that there exists at least 3 families of 
increasing masses, A complete family contains 16 or 

15 fermion degrees of freedom. [The structure of 
Grand Unified Theories reinforces the notion that 
quarks and leptons belong together in one family,] 
The repetition as replicas of the first one is not 
explained in theories of elementary quarks and 
leptons. In composite models it has been suggested 
that the repetition is required at least in certain 
classes of models, due to anomaly cancellation of 
precolor in the underlying preon theory, thus 
connecting the exi stance of families to underlying 
dynamics . 

In the limit of zero gauge couplings for SU(3) x 
SU(2) X UCl), and absence of a Higgs, the standard 
model shows a big symmetry: SU(48) (or SUC45)^15 ycr 
family) corresponding to 48 (or 45) left handed free 
fermions. Thus, in the absence of the gauge couplings 
and masses in the standard model the family structure 
is completely washed out. This is an accident simply 
because L (standard) is quadratic in the fermions. 
However, in a composite model, if there is a family 
structure, it will show up in the structure of the 
U-fermi and other non-renormalizable interations. 
Thus the preonic symmetry G that provides a family 
structure must be a subgroup of SU(48) or a larger 
group if there are more families. There are, of 
course, many possibilities, but the one that suggests 
itself most intuitevely (when the masses and gauge 
couplings are turned on) is a cross product of the 
form 

SU(48) > (G^ X G^) = Gp , (1.1) 

where (V for vertical) acts on the 16 (or 15) 
members of a family, and is the same for all families, 

SU(16) > G^, (1.2) 

While G (H for horizontal) acts on the 3 families. 
In the limit of zeroTS^ might satisfy U(3) > 0^ or* 
U( 3) X U(3) > G , etc, depending on the number of 
irreducible representations in which G^ classifies the 

16 fermions. [Examples of such structures occur also 
in grand unified theories; e.g. for SO (10) grand 
unification G = S0(10), G =U(3)'; for SU(5) grand 
unification G=SU(5), gSuO)^ x U(3)io; for 
Pati-Salam unification G = SU(4) x SU(2) x SU(2) , 
G = U(3).xU(3)o etc]. The main thing to notice Is 
not the particular group, but the vertical x 
horizontal structure that one might expect if families 
are to be explained by compositeness , and that such an 
explanation is likely to lump together quarks and the 
leptons of 1 family within representations of G . 
This type of structure includes the possibilities that 

a) Family quantum numbers are carried by a set 
of family preons while the rest of the usual 
quantum numbers are carried by other preons. 



b) Family quantum numbers come from scalars or 
pairs of fermions that occur different 
number of times in different families. 

c) Family quantum numbers come from radial 
quantum numbers. 

Thus, under the assumption G^, " G x G^^, where G^ 
lumps quarks and leptons in one family , and G^ 
distinguishes families , we may analyze the kinds or 
4-fermi interactions that must occur with a coupling 
X^/2Ap^, where X is of order 1. Here we find that 
there is always a term that mediates K -^tt ye and/ or 
K- ->vie, namely 

L 

jj^ [Sq ^•^^^%'^^'^o ^I|lj^]+Gpsymmetric terms(1.3) 

where the o-index implies that these are the states 
before mass generation or Cabibbo mixing is taken into 
account. Assuming that these mixing angles are not 
large we see that the symmetry Gp=G^xGj^ can never 
eliminate this term and thus we must require 

Ap > (20-30) TeV. (1,4) 

[Note that the decays occur for zero Cabbibo angles.] 

Models satisfying the reasonable assumptions above are 

therefore Just beyond the reach of the SSC (E (max) = 

10 TeV in parton + parton center of mass with any 
appreciable luminosity). 

Any model that manages to avoid the conditions of 
the theorem above is likely to do it in one of the 
following ways: either 

(i) Quarks and leptons are not linked within a 
family. 

or (ii) There is a set of one or more preonic 
U(1)'s that assign different quantum 
numbers to quarks than leptons and 
simultaneously distinguish families, 

or (iii) The mixing angles are large so that the 

mass eigenstate Tfy,s,d correspond to e(j=T, 
Po=y* So=s, do=d. Instead of i, eo may 
correspond to' an even heavier lepton. 

To these one could add less attractive possi till ties 
that destroy the repetitive family structure, but we 
will not consider them here, since understanding 
family repetitions is one of the goals of 
compositeness . 

In the first case it is evident we must give up a 
simultaneous explanation of quarks and leptons 
belonging to the same family. In such models it may 
turn out that leptons could artificially be added to 
the models by throwing in preonic degrees of freedom 
that are not required by, the precolor dynamics. That 
is the model could be constructed for only the 
quarks^. We recall that the Ud)^ gauge anomaly in 
the standard model is the only evidence of a link 
between quarks and leptons of the same family. this 
guage coupling has nothing to do with the precolor 
dynamics that yield composite quarks and leptons. A 
model which does not provide a dynamical link between 
quarks and leptons (in the absence of negligible 
couplings) may be possible, but we have to ask how 
palatable it is, since it breaks one of our intuitive 
expectations. 

In the second case I suggest that it is 
attractive to associate the desired global U(1)*s with 
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the hypercharge Y of the standard model, since this is 
the only apparent link between quarks and leptons in 
each family. For example > consider 3 conserved 
preonic UCD's that assign separately the hypercharges 
in each family. [The gauge U(1)y is the 
"diagonal" U(1)3. These U(1)*s or an appropriate 
discrete subgroup' embedded in them are sufficient to 
eliminate the dangerous terms of type (1.3). While 
this sounds attractive a model of this type " has not 
yet been constructed. 

The third case^ of large mixing angles is also 
counter intuitive. However, here there may be room 
for much further ' investigation since an attractive 
mass generating mechanism does not yet exit. Note 
that even though mixing angles may completely 'be 
rotated away in the lepton sector in L (standard) 
(certainly so, if do not exist), this is not 

necessarily the case in L(U-fermi), Since L(i4-fermi) 
is not quadratic in the fermions. Thus, in this 
mechanism the burden of suppressing K^, K+ rare decays 
rests with the mass generating mechanism wi^thout 
compromising the suspected linkage between quarks and 
leptons. The classification scheme for mass 
eigenstates is then expected to look as follows 



(1.5) 



1st family 6^ h^)^ v^^ 

2nd family ^)^ 
3rd family (^)^ t^ b^^ ^i)^ e^ 

where u, c, t are the (u,c,t) mass eigenstates 
rotated by the Cabibbo-Kobayashi-Maskawa mixing angle. 
With such a mass scheme, e.g. some of the models 
discussed in ref. 2,6 would Completely avoid all the 
bounds discussed above. 

Furthermore, by mixing the (u,c,t) quarks rather 
than the (d,s,b) quarks, A3=i;i neutral current ^-fer mi 
interactions do not occur. the family changing 
interactions that are generated by this mixing scheme 
are not restricted by known phenomenology. In 
L (standard) it does not matter whether the ups or the 
downs mix, however, in L(4~fermi) it makes an 
important phenomenological difference. Of course, the 
mass generating mechanism holds the secret for why the 
ups rather than the downs (or both?) should mix. 



interesting huge suppression may be found if the only 
allowed decays are to a large number of particles , 
despite a strong effective coupling constant. For 
example, the lifetime of a heavy scalar particle, 
M~A , that decays to N massless particles in the final 
sta?e must be larger than 



1 (I67r^r'' (3N-4)! 



(4N-4)! 



(2N-1)! (2N-2)i 



(2.1) 



Here G is a dimensionless effective coupling that 
measures the strength of the (instant on) interaction, 
A realistic model may require K of order 16, 
corresponding to the 16 members of a family, as in the 
example considered in ref , 6. Then 



(100 TeV) 

T5- 



(4 X 10^"*) years. 



(2.2) 



Thus, even for a large value of A , the lifetime of 
such a particle is larger than the lifetime of the 
universe. This illustrates that U(1)'s that are 
broken by instanton effects should not be dismissed, 
as they may still lead to almost stable particles. 

In the event that a preon model has long lived 
particles (even for lifetimes than several minutes), 
cosmological considerations can put limits on its A , 
In ref. 6, mainly the case of x > x (universe) wai 
discussed. It is estimated that the abundance of such 
stable particles in today's universe is 



(N„) 

today 



( Ap ) 
M 

planck 



In 



(Mplanck) 



(2.3) 



For these not to dominate today's matter (baryons) 
dominated universe, we must require 



Ap £ 250 TeV. 



(2.i|) 



It may be possible to improve this bound by taking 
into account clustering of such particles in the form 
of galaxies. In any event, the fact that there is an 
upper bound in certain potentially realistic models 
and that the bound is fairly low is rather interesting 
from the point of view of the SSC, 



An example of trouble free 4-fermi interactions 
that illustrate the points above is explicity 
exhibited in section 3- 

2. COSMOLOGICAL UPPER BOUND ON A^ 

In the previous section we discussed bounds 
coming from low energy physics. However, cosmological 
consideration can help probe the heavy sector M - A 
of a preon model if there are long lived states. This 
idea was first implemented in ref. 6, as outlined 
below. 

A preon model often has some ( naively) conserved 
U(1) quantum numbers. The low mass quarks and leptons 
can be taken neutral under some U(1) but some heavy 
states are charged. Then, in the same way that the 
proton is stable, such states are also ( naively) 
stable . 

Note that I emphasized naively conserved U(1), 
This is because after stronger precolor instanton 
effects this U(1) may be broken (it is broken in ref. 
6). However, one must still analyze the effective 
instanton interaction and estimate the rate at which 
the heavy state is allowed to decay. Then, an 



3. A MODEL WITH EXOTICS 

A preon model can be tested at low energies if it 

has exotic bound states that are G - partners of 

the (massless) quarks and leptons. The mass of such 
states is likely to be in the rang6 



m 



top 



< m < A„ 



(3.1) 



thus requiring energies lower than A for discovering 
them. The recent jet activity arouSd m-ISO seen at 
the UA1 and UA2 detectors at CERN may be attributed to 
exotics, as discussed in the Compos it en ess Subgroup at 
the SSC Workshop^. The model presented here is an 
example which has a minimal number of exotics [1 color 
nonet (8+1)], and can provide signals of the type seen 
at CERN, 

The precolor group is taken as G =SU(4)xSU(4) and 
the preons are placed in the three representations 
Ra=(4,4), R2=(4.1), R3=(1,4). The numbers and 
heli cities of the preons are 



(3.2) 
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Thus, the preflavor symmetry which classifies the 
preons and composites is (after instanton effects) 

Gp = SU(4) X SUdO) X SU(6) x Cu(1)]^xZ^ (3.4) 

The massles composites which satisfy anomaly, 
decoupling and certain other conditions for the entire 
conserved Gp are: 



(il, 10, 1)J^'2> (4, 1. 6)<^'^) 



(3.4) 



This solution was used before in refs. (2,6) (without 
exotics) with a different inter prat ion' of the. "flavor" ' 
quantum numbers than the one suggested below. 

We embed SU(3) x SU(2) x U(l) in G^ so that the 
preons are classified as follows: 

V <3.1)i/6^(1.1)_^/2 (3.5) 

10^.* (1,2)o+(1.2)o+(1,2)„+(I,1)_^^g+(1,1)^/2 
1)^/2^(1. 1)_,/2-(1.1),/2^(1. 1)_1/2*(1.1)l/2- 



The subscripts are the U(1) quantum numbers. Note 
that this embedding is anomaly free for gauged SU( 3) x 
SU(2) X U(1), as it should be. QCD Is embedded in 
SU(4) a la Pati-Salam. Therefore, the composites are 
classified as 



(4, 10, 1). 



(4, 1, 6) 



L 

^1: 



3x(3,2)^''^+(3,1)l^^+(1,1,)^+(8,1)° 



3x(1,2)[^^^+(3.1) L^^+Cm)\ 
3x(3J)^''^+3x(3,1)p^^^ 



3x(1,1)°+3x(1,1)j^' 



This corresponds to 3 usual families of quarks and 
leptons plus a fourth up quark, plus a color nonet 
(3x3*. 1) = ^ ^ singlet (1J)%. 

The quarks and leptons may be indentified as in (1.5) 
so that A is not restricted by the rare processes 
discussed section 1 . 

The point of this model is the presence of the 
nonet so that the singlet and octet have the same 
global quantum numbers , corresponding to a conserved 
U(1) embedded in G . Suppose the octet is heavy. If 
produced in pp reactions at CERN it can decay to a 
pair of quark + ant i quark plus the neutral singlet 
that carries the same global quantum number as the 
octet. Thus in the final state one would see a pair 
of highly energetic jets plus missing energy. Since 
one of the quarks may sometimes be slow, the event 
(after the cuts) can also look as 1 energetic jet 

plus missing energy. The cross section for production 
+ decay is quite large and can explain the rates seen 
at CERN, as discussed in the com posit en ess group in 
this workshop.^ Note that the octet of this model has 
some properties similar to the gluino in 
supersymmetric theories, if the gluino its taken at 
around the same mass, and may be confused with it. 



More model independent properties of exotics, are 
discussed in ref . 9. 



I wish to propose another important role for 
exotics in a composite model. Marciano^" suggested 
that high color states (6, 8, 10 etc.) may condense at 
the electroweak scale Fif ~ 250 GeV, thus providing a 
mechanism of mass generation analogous to technicolor 
but only with QCD forces. In the context of composite 
models this idea is quite attractive because 

(i) Exotics occur naturally 

(ii) The 4-fermi interactions provide masses for 
quarks and leptons after condensation. 

-In the models of elementary quarks and leptons 
discussed in ref. 10. it was difficult or unattractive 
to implement a substitute for (ii). 

To use this mechanism one must address 
questions about the asymptotic freedom of QCD 
because, if QCD looses its asymptotically free 
behaviour due to many exotics, condensation would take 
place at the highest values of "^QCD, thus at the 
highest scales. This is not desirable. For this I 
emphasize that In a composite model we mast separately 
consider the calculation of ^QCD in the regimes below 
A and above A . Below A there |ire few and 
nBn-exotic preons^. In terms of preons QCD must and 
can easily be negative for asymptoti^ freedom to be 
correct. Below A the behaviour of "qcd or '^QCD may 
be smooth or comfJiicated depending on the ^umber of 
exotics and their thresholds. In the range QCD < u < 
A condensation will occur* if "^QCD^^ ^attains the 
cPitical value at u = Fir =^ 250 GeV 



"critical = "qcd (F ) (3.7) 

IT 



["^critical may approximately be estimated ^o,^^ via 
the quadratic casimir for the exotic representation R, 
C,(R)0((F^)=1] 

For y > Fit, <g(u) must never exceed cecritical, 
otherwise the scheme will not have any meaning. Two 
possibile situations are shown in Figs. 1 and 2 ' 



^crit 




\rit. 1 








d^e 


Fig. 1. Few exotics. 3<0 for all scales. 






— ^^"crit. 1 


....\d 

t.\ bj 
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Fig. 2, Many exotics. B>0 above ?m ihivsliol«U 



6 < above Ap. 
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In Fig. 1, even below An' ^ /T.. 

exotics, so that the 3 function (slope of (oc(y)) always 

remains negative. In Fig. 2, there are too many 

exotics below A . The threshold for producing the 

exceeding exotiEs is y=2m, above which ^CD is 

positive. However beyond A *^QCD is again negative 

since the computation is done in terms of preons. 

Note the interesting multivalued plot of B versus « 

for this case which, as explained, can happen quite 

naturally in a composite model. Each branch of this 

curve is computed pertubatively since °^QCDC)i) is 

small. The non-perturbative phenomena occuring via 

the underlying precolor forces is what gives rise to 

such a non~pertubative looking curve. 

For these mechanisms to be useful for electroweak"" - 
symmetry breaking there should be some exotics 
carrying electroweak quantum numbers , such that 
AI =1/2. These could be of the form (r,2) +(r,1) 
where r is a complex representation of SU(3), such as 
r=6, 10, etc., and 2 is a doublet, 1 Is singlet of 
SU(2) . The numbers of doublets and singlets sould be 
such ?hat the symmetry breaking preserves a custodial 
SU(2) (approximately). We cannot allow r ^ real 
(e.g. (8, 2)) since this would lead to AI =1 via (r, 
2,)j^ "x (i"t2) ~ (1,3). Any real exotic representation 
should not simultaneously be a doublet of SU(2) 
e.g*(8,1) is o.k.). As Marciano estimates, 2 sextets 
together with the usual 3 families just about saturate 
asymptotic freedom for QCD. Thus, although there is 
the possibility of a composite model described by Fig, 
1, most models with exotics are likely to be described 
by Fig 2, if they play any role in electroweak 
symmetry breaking. 

Models with exotics now being investigated will 
be described in future publications. 



with 4Tr/2A*^ used in ref . 3,^. 

(6) I. Bars, M. Bowick, K. Freese, Phys . Lett 138B , 
159 (1984). 

(7) A model which appears to fall in this category 
was described to me by 0. W. Greenberg and S, 
Nussinov after this workshop: The composites 
contain a fermion and a boson ^Xiij(j)) ; ip carry 
SU(2) X SU(2)^, while f-^ carry^li=color , 
4=*lepcon, i^quark family, I=lepton family 
( different than quark family), 

(8) I thank H. Harari , M, Bowick and M, Dine for 
discussions. 

(9) Compos it eness Subgroup at the BSC Workshop, USC 
preprint 84/034, to be published published in 
these proceedings. 

(10) W. J. Marciano, Phys. Rev. D21 , 2425 (1980). 
See also K. Konishi and R. Tripled one, Phys, 
Lett 121B , 403 (1983)'; D. LUst, e. 
Papentonopoulos and G. Zoupanos, CERN preprint 
TH. 3790; P. Q. Hung, Fermi lab preprint 
80/78~THY (1980). 

(11) J. Kogut et.al., Phys. Rev. Lett 50, 393 (1983); 
Nucl. Phys. B225, 326 (1983). 

(12) I thank E. Eichten, H. Harari and other 
participants of the workshop on Composite Quarks 
and Leptons, Erice, Sicily, May 1984, for 
discussions . 
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Summary 



The yield of direct photons for > 1 TeV/c is 
large. enough to probe predictions of conventional QCD 
as well as to examine consequences of the compositeness 
of quarks at a scale of - 5 TeV. 

Direct photon production in high~p^ processes can 
serve as a useful probe of the underlying parton-parton 
interactions,^ In this report we shall present predic- 
tions for high-p^ photon production based on conven- 
tional QCD dynamics and contrast them with what may be 
expected if the energy scale for composite quarks is on 
the order of 10 TeV. 

Direct photons are produced in QCD via the two 
subprocesses qq yg (annihilation) and qg •> Yq 
(Compton) . In addition, there is a bremsstrahlung 
contribution wherein the outgoing partons fragment into 
a hard photon and accompanying hadrons. In Fig. 1 
predictions for jet, ir**, and T production are shown at 
y = 0. The corresponding ratios for Y/jet and Y/ir" are 
given in Fig. 2. At low p^ values, the brem/direct Y 
ratio is sizeable (4,5 at p « 100 GeV/c). However, 
the ratio falls rapidly, and by p„ =1.5 TeV/c it is 
only 30^. The rapidity distribution for direct photons 
is rather flat over a wide range in y. This is shown 
in Fig. 3 for two values of p . The contributions from 
the Compton graph are shown separately in Fig. 3. 




2 3 
P^(TeV/c) 

Figure 1 , Predictions for do/dydp at y=0 for jet 
(solid curve), tt^ (dashed curve) and Y production. 

These predictions suggest that even though the 
Y/jet ratio is on the order of 10-^ for p > 1 TeV/c, 
there is, nevertheless, an adequate yield of photons 
available for a quantitative experimental investigation 
of the signal. 




J I L 



I 2 3 4 
p^(TeV/c) 

Figure 2. Predictions for the Y/jet and y/it^ ratios 
at y=0. 
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Figure 3. Predictions for do/dydp for Y produc- 
tion at p^ = 1 TeV/c and 3 TeV/c. 
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Background to the direot-photon signal at large 
will be primarily from ir^'s and n's (or multi-*TT% low- 
mass, objects) whose decay photons cannot be resolved 
in a calorimeter. This background should not be impor- 
tant at such high p , however, because ir^'s and n's are 
not produced directly, but are rather fragments of 
quarks or gluons and must consequently be accompanied 
by the other hadronic remnants of the (massive) jet. 

A relatively straightforward trigger for accumu- 
lating a clean sample, of direct-photon data would 
require > 1 .0 TeV of energy deposition in a localized 
transverse area of about 4 cm x 4 cm of an electro- 
magnetic-calorimeter tower, with no substantial energy 
(< 0.05 TeV) deposition in the hadronic part of the 
tower that shadows this electromagnetic front. With an 
average number of - 25 hadrons in the core of a Jet,^ 
these requirements would essentially eliminate any tt° 
or n background to the direct-photon signal. 

Table I shows the expected yield of direct 
photons, just from the Compton graph, per year of 
running time at a luminosity of 10^ ^cm~=^sec-\ for an 
electromagnetic calorimeter of the type described by 
Feldman.^ It is clear from the table that QCD event 
rates will be sizeable, even for p^ > 1 TeV/c. 



Table I. 



(Te^/c) 



0.5 
1 .0 
1 .5 
2.0 
2.5 
3.0 
3.5 
4.0 



Expected Yield of Direct Photons From the 
Compton Diagram 



da 
clPT^dy 

y=0 
(cm^/GeV) 

0.91 xio-'® 

0.41x10-'^ 

0.58x10-'^° 

0.13x10-'* 

0.39x10-**' 

0.13><10-'*' 

0.51x10-**^ 

0.23x10-'*^ 



Yield 

(Events/0.5 TeV/year) 

8.7x10^ 
3.2x10'* 

6.8x10^ 
1.7x10^ 
54 
17 



pp-y+x 
(Compton only) 
yi =40 TeV 
y = 




-A = 4TeV 



^ >A=8TeV 



Now, to address the question of compositeness , we 
must consider two regimes of interactions. One, is 
when the collision S value is below the character- 
istic compositeness scale and, second, when S is 
above this parameter. Below ' in addition to the 
standard QCD contributions, there will be contact inter- 
actions that give rise to direct photon production. 
There are. unfortunately, no operators of dimension six 
(with amplitude of order s/A^) that can lead to produc- 
tion of photons in the annihilation or in the Compton 
QCD processes. (We thank E. Eichten and S. Parke for 
bringing this result, due to R. K. Ellis to o^r atten- 
tion; see R. K. Ellis, Nucl. Phys. B106, 239 (1976).) 
The first non-vanishing operators are of dimension 
eight. There is no reason to expect that these operators 
are particularly enhanced and, consequently, their con- 
tribution will be suppressed relative to the QCD^Pli" 
tude by ~ (s/A^)^. If we take the constituent and QCD 
amplitudes to be relatively real, then we can write for 
the total Y yield the following approximate coherent 



Figure 4. Predictions for da/dydp^ based on the 
Compton process, modified to include effects of 
compositeness. Results are shown for A = <», 8,5, 
and 4 TeV. 

new source of photons would produce peaks in the Y-Jet 
mass distribution, with widths that would depend on 
the nature of the excited quark states. If we take 
the normal low-lying particle states as a guide, where 
widths are typically of the order of - 1/10 the mass 
values, then we might anticipate substantial enhance- 
ment in the Y yield at p^- 1/2 A, and possible 
oscillations with widths of - 1/10 A. 

To conclude, it appears that direct-photon events 
can provide clean signals that can be used to study 
QCD at large p^ and probe compositeness to scales of 
order 5 TeV. 
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Compton 



s 2 2 
[1 + (-t) ] 



In Fig. 4, predictions based on the Comptoh 
process alone (which dominates at high p„) are shown 
for A = 8, 5, and 4 TeV. These predictions may be 
compared directly to the corresponding jet predictions 
in reference 4. 

For S > A^, a spectrum of new quark excitations 
would be expected in. the direct gq ^ qY channel, with 
q* -> gY likely to proceed at the > 10-^ level. This 
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Some signals of compos iteness that represent 
deviations from the standard model at low energies are 
discussed. Emphasis is given to exotic composites, 
strong P,C violation beyond the weak interactions and 
small deviations in relations among the parameters of 
the standard model. Such effects may be detected at 
energies obtainable at CERK, LEP and the SSC, 



EXOTIC COMPOSITES 

If quarks and leptons are composites of preons 

with a scale A , their low mass Cm<<A ) can be 

understood only if there is a preonic chi^'al flavor 

symmetry group G that is not spontaneously broken in 

the vacuum. must include SU(3) x SU(2) x U(1) x 

Baryon Number x .Lepton number ° x family quantum 

numbers. If all forces, except the strong precolor 

forces, are neglected at the scale A , G may appear 

to be a much larger symmetry. Since ^;he formation of 

the bound states at A has nothing to do with the 

other smaller forces, (e.g.QCD), it is a good 

approximation to use the enlarged (globally conserved) 

G to classify all massless or massive composites in 

irreducible representations of G_. 

F 

The massless composites, classified as {R} under 
G , must satisfy certain consistency conditions^ if 
tne symmetry G^ is to remain unbroken. General unique 
solutions have been given to a set of very restrictive 
conditions^. Thus, it is now known that there exists 
a classification of possible precolor groups and 
precolor representations (preons) that yield a 
predetermined set of massless composite states {R}. 
Potentially realistic examples can be found among 
these models. 

The next stage is to analyze the SU(3) x SU(2) x 
U(1) content of these representations to determine the 
quark and lepton structure. There may be more than 
one way of embedding SU(3) x SU(2) x U(1) in G ; each 
embedding may give a different structure. One may 
find along with the massless quarks and leptons that 
there are massless exotic composites in the sense that 
they carry high color or high weak-isospin or high 
hypercharge (or electric charge): 

{R} •* leptons - {(1 , I)y} 
+ quarks - {(3, 1)^} 

+ High color + {(6 or 8 or 10 etc., 1)^} 

where the isospin I and hypercharge Y may take 
non-exotic or exotic values. The emergence of exotics 
is not necessary in every model (see e.g. ref. 2) but 
they may occur quite naturally in many models. 



abnormally energetic events seen at UAl and UA2 at 
CERN may be associated with exotics. 

These remarks provide some motivation for 
studying exotics at this workshop. We report here two 
possible occurances of exotics 1 ) Exotics produced 
freely, 2) Exotics within non-exotic bound states. 
We concentrate on high color exotics since their 
-production cross section is large in pp reactions 
already at CERN energies. 

In the reaction 

pp or pp ^ QQ + anything 

The pair of high color exotics (QQ) may be produced 
freely or in a bound state, depending on the strength 
of the QCD color force that acts on them. The bound 
state may be in the form of -onium (like charmonium) 
or in the form of a pseudo-goldstone (n'^like object) 
if high color plays a role in electroweak symmetry 
breakdown at 250 GeV. The observation in the form of 
a bound state is possible only if the lifetime of the 
composite state is shorter than the lifetime of the 
individual exotic fermions. 

The dominant parton subprocess in the production 
of high color exotics is gluon fusion g + g ->■ Q+Q. 
the production cross section is enhanced by color 
factors relative to the production of heavy triplet, 
quarks, bpund or free. The production of a bound 
state X=QQ is given by 



a(pp^X+any) 



8M3 



(xdL] 
dt 



r 



where fg is the decay rate of X^gg if Q is a color 
triplet, T dL/di is the parton effective luminosity 
factor, as given in ref. 5., and the last bracket is a 



color factor for the color representation r: 



is 



the dimension of the representation and q is related 
to the quadratic casimir operator normalized to 1 for 
a triplet 



3 6 8 10 . 
1 5 6 15 . 



For Mx«150 GeV, we estimate r(X-»-gg) -1-10 MeV for 
either -onium type bound state or goldstone type bound 
state. At CERN energies, /s==540 GeV, the luminosity 
factor gives a cross section 



When the symmetry is broken from G to SU(3) x 
SU(2) x U(1 ) X Baryon no. x Lepton no., the exotics 
must become massive while the ordinary families are 
still massless (exact SU(2)). Since by definition 
of Gg,, this breaking is assummed to occur at a scale y 
considerably smaller than A , y « A , the exotics are 
much lighter than the heavy^ composites. The study of 
exotics is therefore interesting since they may 
provide some clues ^ of compositeness at energies much 
smaller than A . Furthermore, it is conceivable that 
high color exotics may play a role in electroweak 
symmetry breaking^ at ,250 GeV and generate masses for 
the quarks and leptons in a composite model**. The 



a - (10-^ - 10-^)nb 



which is too small to produce any appreciable number 
of events. Thus, surprisingly such bound states may 
hide quite well at CERN. However, at the SSC, for Mx 
- 1 TeV, fx is estimated to be « 300 MeV, and at /s - 
40 TeV the much larger luminosity factor produces 



a " 10-^ nb 
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The analysis of the signals may be done as described 
in ref. 6, for a similar bound state of two gluinos. 
Such a state may produce detectable signals at the 

ssc\ 

The free production and subsequent decay of 
certain exotics can produce a much larger number of 
events so that their detection is enhanced by many 
orders of magnitude. See, for example, estimates of 
gluino production and detection at CERN' or the SSC 
energies^. Composite exotics with certain properties 
that can produce energetic jet signals plus large 
missing energy with cross section of the size alleged 
to be detected at CERN can exist in composite models. 
A minimal example of a model containing a zero-charge 
color nonet Lg + is given in ref. (4). In the low 
energy theory one finds effective couplings of the 
form 

Leff « Lai pSLg + Lii j^Lj + g_ Lq ^UV a^^ 



An excited triplet quark, which also has 
unsuppressed magnetic couplings with a gluon and a 
.quark, would differ from the properties of the s^tet 
described above. For one thing, the mass of Q is 
likely to be of order A . But, if somehow its mass 
were low, it will_^be expected to have effective 
magnetic couplings Q a qFuv with F = photon, W, Z 
in addition to gluon. ^"^hus, from lie ratio of the 
coupling constants for 



Q -*q+g : Q ■'-q+T : Q -^q+W : Q ->^q+Z, 



taken proportional to the strenths of the gauge 
coupling constants, one may estimate , the ratio of 
number of events for 



jet+jet : jet+7 : jet+ev : jet+vv : jet+ee, 
with a result 



where D ti8=3i'e~iS [A,Le] couples the gluon to a pair 
of octets and g/A describes the magnetic coupling for 
the gluon + oct^ + singlet. Since the octet and 
singlet carry the same global quantum numbers (they 
come from a nonet) the magnetic coupling is not 
suppressed by factors of (mass/A ). thus, the octet 
decays dominantly to the singlet'^plus a gluon with a 
decay rate 



This may be small, but since it is nearly 100^ 
branching ratio, it is only the magnitude of the 
production rate that determines the number of events in 
the final state. The production cross section for the 
octet is large at the CERN (and higher) energies, as 
estimated' for production of 40 GeV gluinos in 
super symmetric theories, and can produce many events 
with jets + missing energy of the type and numbers 
alleged to be seen at CERN. Thus 

Gluon + Gluon octet + octet 

1 u jet + missing 

^ jet + missing 

produces signals of the type 

proton + (anti-) proton-^jet+jet+missing+anything 

with the characteristics of the CERN events at UA1 and 
UA2. If one of the octets has a slow forward 
momentum, the momentum cuts will make it appear as if 
there was only 1 energetic jet in the final state, 
thus the mono- jet and two- jet events with 
approximately correct size cross sections may be 
explainable by composite exotics. 

There may exist other exotics with interesting 
properties. For example, a sextet plus a triplet with 
the same global U(1) quantum numbers will have 
effective interactions of the type described above. 
The decay rate for sextet triplet + gluon is similar 
in magnitude to the octet described above. [if the 
triplet does not share the same global quantum number 
as the sextet, then Pg is suppressed by a factor 
(m/A The production and decay of a pair of heavy 

sextets will now produce 2 + 2 =* 4 energetic jets in 
the final state without any large missing energy. 
This kind of signal may help or destroy certain 
models . 



10 : 1 : 0.3 : 0.7 : 0.1 . 



Unfortunately, this pattern does not appear to 
correspond to present observations. Furthermore, the 
absolute number of events would be too small if the 
magnetic coupling is of order 1/A . (The sextet 
described above, if charged or if it ¥ias weak isospin, 
would also produce signals of the type discussed 
here.) 

It appears that further study of exotic 
composites, with possible applications at CERN or the 
SSC, is warranted. 



STRONG P,C VIOLATION 



In the models with purely fermionic preons it 
appears impossible to preserve global flavor chiral 
symmetry if the gauge precolor interaction is 
vector-like^. By contrast, in left-right asymmetric 
chiral theories the necessary chiral preservation 
conditions can be satisfied Thus, we are biased 

to believe that a preon theory is likely to violate 
parity (P) and charge conjugation (C) (but perhaps not 
PC) by large amounts at the scale A , since the 
classification of composites and the dominant strong 
interactions (precolor) are expected to be left-right 
asymmetric. (Theories with scalar preons may avoid 
this conclusion). If we were doing experiments at 
energies near A this fact, if true, would be readily 
apparent. However, at low energies E<<A , the 
effective Lagrangian contains symmetry violating 
effects in terms proportional to 1/A (such as 4-fermi 
terms), which are not easily detectable until the 
energies are sufficiently high. As emphasized since 
the early days it is very interesting to test 

this distinguishing aspect of preon models by looking 
for P "or C violating effects that increase with energy 
and eventually surpass in magnitude the parity 
violation of the weak interactions. 

In this workshop we considered the possibility of 
polarized proton beams to help determine the chirality 
(and hence the.P,C properties) of the contact 4 fermi 
interactions with strength ^^^l. The initial 
discussions revealed mainly the difficulties: At the 
SSC energies -mainly the sea partons dominate . 
Therefore we do not expect much effect from the 
initial polarization of the proton which is 
shared by the valance quarks. Furthermore, in tne 
. final state we cannot distinguish a quark jet from an 



anti-quark jet. This prevents distinguishing final 
helicities. in addition, since the expected 
asymmetries are small at E«A , the parton 
distributions must be better underwood to clearly 
disentangle the effect. 

Another possible test of P,c violation in contact 
terms involves polarized electron-electron or 
electron-positron scattering. The available energies 
and resulting effect are of course much smaller, but 
the signal would be cleaner. One could ^measure 
forward-backward asymmetries in ee->ee or ee^ee with 
initially polarized electrons. Some estimates have 
been done by Pe3kin^ _ A more interesting test would 
be a measurement of ee-^-Tx with initially polarized 
beams and observation of the polarizations of stopped 
T, T. A deviation from the helicity amplitudes and 
rates of the standard model may indicate the presence 
of contact terms with certain helicity properties. 
General iJ-fermi helicity amplitudes and cross sections 
that can be applied to this problem are defined in 
ref. 10. 

In addition to separate P,c violation it is 
interesting to consider (PC=T) violation in the 
contact terms, although there is no compelling 
theoretical reason to expect it. A possible effect 
involves the quantity 



A signal above the standard model background would 
result if the 4-fermi strength is AV2A% with A^^-^lir, 
A -5 TeV, and Vq^' is larger than ?00 GeV, For 
example, at /q* = 1.5 TeV the quantity A would be 5 
times larger than the Drell-Yan background. The 
effect gets larger as /q^ increases. 

By far the surest way to observe the possible 
strong P,c violation is to do experiments at large 
energies E I A . If A is not large relative to the 
SSC center of mass partTon-parton energies (see ref. H) 
the best way to distinguish viable models may be 
through asymmetries. Estimates of asymmetries have 
not yet been done for such energies, but a formalism 
that provides the methods and some cross section 
estimates at E i A has been developed.^" 



SMALL DEVIATIONS IN THE STANDARD MODEL 

Most discussions on tests of compositeness at low 
energies concentrate on new phenomena due to the 
non-renorraalizable pieces in the effective Lagrangian. 
However, because of the electroweak symmetry breaking, 
the effects of compositeness may trickle down to the 
dimension ^ 4 operators in the standard model. These 
effects which boil down to shifts in the W, Z masses, 
the p parameter, or the Z couplings, may be measurably 
large in precision experiments as discussed in more 
detail refs. 11,12. 

As an example consider the Y-Z kinetic mixing of 
ref, 12. This arises from an SU(2) X U{1) invariant 
term in the effective Lagrangian 



C gVA^ B Tr [m"*" CD D ] M T3 ] 

where M is the 2 x 2 matrix of [SUC2) x U(l)]/U(1) 
Goldstone boson fields (effective Higgs), DpM = 3pM - 
-Ig W (t/2) M + ig' MCT3/2) B , and B =38-33 
is the field for B . Note^the pr^^enc^ ^Jf ^that 
breaks the right haKded iaospin: This is assummed to 
arise from an underlying preon theory or extended 
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technicolor theory) with the abiltiy to generate 
up-down mass differences. Electroweak spontaneous 
breakdown allows us to replace M by the vacuum 
expectation value v, thus generating B-Z or y-Z mixing 
in the form 



- ~ VOosB A Z 
2 ^ VLV 



where Ayv and Zpv are the photon and Z field 
strengths, and tan 6=g'/g is the Weinberg angle, the 
parameter 5* may be estimated by relating it to 
4-fermi interactions that violate the right-handed 
isospin. It's magnitude may be as large as V * 
0,0'1 , unless it is suppressed by a factor {v/m^)^, m 
is the dynamically generated mass of a high-color or 
technicolor quark. 

It can be shown that this mixing 5' leads to a 
redefinition of the measured Weinberg angle S 



S^= Sin^ e +^'Sin6 Cos^e , 



and to a modification of the relationship between the 
measured masses of W, Z and the Weinberg angle S, and 
electric charge: 



'w - 1 (|^) [Ugfl- (1-S*) +...] 
^ 2 [1- ^5^25 +..,] 



This causes a shift in m^ or in-'m^ up to 1% 
if not suppressed by v/nu. 

However, since the effective interaction above is only 
an example, a more general structure can lead to a 
larger shift in m-,, according to the more 

general formulas in ref. 1Z. It is hard to obtain a 
precision measurements of m^ with present techniques. 
However, measurements at the Z resonance could reveal 
shifts in m , as well as modifications in the 
couplings of \he Z, as in eq. of ref. 12, thus 
signaling deviations from the standard model due to 
the presence of a higher scale. 
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Summary 

We examine a variety of issues connected with 
searching for compos i teness at the SSC. These include 
effects of resolution* alternattve methods of looking 
for deviations from Q.CD predictions, advantages of 
polarized beams, and effects of compos i teness on photon 
detection. We also consider how physics may look if the 
compos i teness scale is as low as a few TeV, 

f nt roduct ton 

The idea that quarks and leptons mtght be compos- 
ite has a strong appeal. {For reviews see Peskin' and 
Sars^) . Compos i teness could provide an explanation for 
the repetitive structure of the generations and the 
origin of the fermion mass matrix, two of the outstand- 
ing puzzles of particle physics. Moreover, it is quite 
possible that the scale of compos i teness , A , is within 
rsach of the SSC. Current experiments set limits ^'only" 
of order a TeV on A 3.4 while many theoretical ideas 
soggest that A might be no more than a few orders of 
magnitude larger than the weak scale. 

In theories without fundamental 3ca}ars (techni- 
color) , in particular, quark and lepton masses must 
arise from physics in the TeV range, so this is a nat- 
ural compos i teness scale. Of course, quarks and leptons 
might not be composite, or the scale of their binding 
could be much greater than a TeV. If there are funda- 
mental scalars, for example (as in supersymmetry) , there 
is no reason that the quarks and leptons should not ap" 
pear as fundamental down to the Planck mass. But all of 
us feel that compos i teness just might be accessible to 
the SSC, and that it is something for which both theo- 
rists and experimenters must be alert. 

^^uch work has already been done concerning search- 
ing for comDOS i teness at the SSC, especially by Eichten. 
Hinchliffe. Lane, and Quigg5 (EHLQ) . tn this section, 
we consider a number of nwre detailed questions. 



On the theoretical side, there are a limited 
number of ideas and models from which we can receive 
some guidance. Most of us believe that any underlying 
preon theory will be an asymptotically free gauge theo- 
ry, similar in some respects to QCD. The constituents 
of this theory, the preons, will be chi ral fermions 
(and possibly fundamental scalars) ; this theory ainnost 
certainly will not preserve parity, to any approxima- 
tion. At \cM energies, corresponding to wavelengths 
much larger than the scale of preon binding, ti , the 
only modification to the standard model Lagrangian will 
be the appearance of non- renorma 1 1 zabi e interactions, 
such as four-fermi terms, form factors, and the like,' 
As the energy grows, quarks and leptons should reveal 
their true nature as strongly interacting part'cles*- 
quark-quaric {and lepton- lepton) scattering should re- 
semble proton-proton scattering, with a cross section 
which is geometrical, and exhibits a great deal of 
structure. At Scales much above A (if we may be per- 
mitted to dream, for a moment), we should resolve the 
fundamental preons^ and physics should again scale. 
This QCD analogy has been pushed quite hard in past 
work, and we have pushed It a bit harder at this work- 
shop. 

Beyond this, we can get some guidance from ex- 
perimental limits on rare processes and from existing 
models. In particular, Bars^ has provided a catalog 
of some of the Ttodels which pass existing theoretical 
and experimental tests. (Unfortunately, one cannot say 
with certainty what the light spectrum of these theories 
is, nor does one have a theory for quark and lepton 
masses, but these models at least have the potential 
to be realistic). He has also listed some of the con- 
straints which follow from limits on rare processes. 
In particular, some of the possible effective ^-fermi 
terms must have couplings smaller than {^0 TeV)'^ , 
almost certainly a difficult constraint to satisfy 



in rrx^del building^ as experience in technicolor has 
shown . 

Qeginning with th^ pioneering work of AboUns et 
aK, at the I982 Snowmasi Workshop, 3 there has been a 
great deal of effort to determine how one rnight search 
for compos i teness at energies below \ . In parttcular, 
Abolins et al. noted that the largest effects, in quark- 
quark (and 1 epton- lepton) scattering were likely to come 
from four-fermi operators, rather th^n from forn fac- 
tors, and they studied these operators \n a variety of 
processes. Eichten, Hinchliffe. Une and Quigg (EHLtt)5 
have extended these analyses to SSC energies. Focusing 
on one particular operator, 

^qq ■ -^0 fr \ \ ^ "l 

where g*" - i*^ (by analogy to the coupling), ■ ±1 » 
they studied deviations from QCD predictions 
for high p^ single jet production, for fixed beam 
energy. ~ They argued that the SSC could set a 
limit on i\ of 20 TeV in this way (Assuming /s ■ TeV^ 
L * 1 033 cm2/sec) . Ir* lepton production they showed 
that one could set an even stronger limit. Calling the 
quark-- 1 epton coupling 

A 

they found that the SSC could set a limit A' » ^0 TeV» 
by looking at dev i at ions from QCD predictions for lepton 
pair production as a function of invariant rnass. 

At this Workshop, we e-xamined several detailed 
questions in this general framework. We investigated 
whether momentum resolution, for both leptons and jets, 
would significantly alter the claims of EHLd. FoMcwing 
a suggestion of Pilcher,7 we considered the advantages 
of varying the beam energy and studying the cross sec- 
tion pj^^ da/d-^p at fixed x^^- 2p^/i^5" * This quantity 

has the virrue that In the parron model it scales (it 
is a function of x^only)* while in QCO it is a rather 
slowly varying function of pj_. If there is a hard com- 
ponent *n quark-quark scattering, one should observe 
auite substantial deviations from scaling. This test 
should not be as sensitive as the measurement of the ab- 
solute rate to one's knowledge of structure functions 
and higher order corrections. We also examined the de- 
viat'Ons in jet angular distributions which might arise 
from compos i teness . 

Our group considered two issues of some relevance 
CO nacnfne and detector development. We studied the 
possible virtues of polarizing the beams and ^Treasuring 
pa r i ty- V i o I at i nq as ymnet r i es . This is clearly of value 
if deviations from QCO predictions are observed, in 
neioing ^o determine the Lorentr structure of the new 
Interactions. We found that polarization might also 
improve slightly the limits one could set on A from jet 
c ross -sect ions . In addition, we studied the virtues of 
photon detection [see also Owens et aK, these Proceed- 
ingsS]. We found that, even though the rate is low, 
since photons represent a relatively clean signal, one 
should be sensitive to compos i teness scales as high as 
10 TeV. 

Our group examined two issues beyond the frame- 
>.-jork of f 1 avor- i ndependent contact interactions employed 
in cHLQ. First we asked: suppose the sea le of compos i te- 
ness is relatively low, say a few TeV. Then one might 
nope to see some spectacular signatures: structure in 
c ross -sec t i ons and multiquark and lepton production. 
Reasoning by analogy with QCO, a quite detailed TOdel 
for tnese cross-Sections was developed (see also 8ars9 
and Bars and Albri ght J these Proceed i ngs) . The ortnc i p!e 
observation is that, since one expects confinement and 



formation of flux tubes, a string-like picture with 
amplitudes similar to those of the Veneziano model 
should emerge. The resulting model exhibits a great 
deal of structure, and total cross-sections which grow 
logarithmically at high energies. It should be useful 
as an indicator of how finely one can resolve structure 
at the SSC. 

Usually one assumes that the contact interactions 
are approximately f 1 avor- i ndependent , since this is the 
simplest way to avoid flavor-changing neutral currents 
and rare decays. However, it is possible that such 
processes are avoided by more intricate means, and that 
the four-fermi interactions exhibit some flavor depend- 
ence. This possibility is, in fact, suggested by some 
models, and should be kept in mind. Members of our 
group considered possible violations of universality in 
lepton production, especially in x production (see also 
G. Snow, these Proceedings^'). 

Abo 1 ins et al. considered at some length the prop* 
erties of oossible new particles (exotic quarks and lep- 
tons) which mJght appear in composite models. While we 
left this subject largely to the Exotics group, we com- 
ment here that 3-body decay modes ignored by Abolins et 
al, are likely to be as important as the 2-body modes 
they considered. 

This contribution is organized into sections, one 
for each of the topics listed above. 



Effects of Detector Resolution 

While discussing the possible contributions of 
composite models to processes such as pp ■* l^C x , a 
question arose concerning the experimental requirements 
on mass resolution. The worry was that a large error on 
the mass, when convoluted with the steeply falling 
Orell-Van cros section, might mimic and therefore mask 
additional contributions. 

Two comments are immediately in order. First, if 
the detector resolution is known as a function of mass, 
then there is no effect, as the resolution can be unfold- 
ed from the measured cross-section. Second, in the re- 
gion of interest, that is high di-lepton masses, the 
standard cross-section has flattened out slightly. 

To see the expected size of possible effects due 
to detector resolution, we have convoluted the adver- 
tised momentum resolution for muons at the SSC at 
500 GeV/c, rising linearly to "OO^ at 2000 GeV/c) , with 
the Drell-Van cross-section do/dHdy| given in 

EHLQ, Figures 8-16. Without ^ correcting 

for the mass resolution, the contribution of low masses 
spilling into the high mass region is such that the in- 
tegrated cross-section increases by }% above 1 TeV/c^ 
and by 12^ above 1.^ TeV/c^. Note that even if the mass 
resolution were a constant 10%, the uncorrected effect 
in the Integrated cross-section would be 22^^; above 
1 TeV/c^ . 

The case of pp 2 jets + x may be more interest- 
ing in that the total cross-section is larger and it may 
be nfiore difficult to unfold the detector resolution. 
Using the cross-section given in EHLQ, Figures 3-22, 
for jet-pair masses and an energy resolution for jets of 
10^. one finds an increase in the uncorrected integrated 
cross-section of 17^ above 5 TeV/c^. If the jet-pair 
mass resolution is as bad as 20^^ then the uncorrected 
integrated cross-section is increased by 5^^- 

EHLQ suggested that one search for compos i teness 
by looking for a factor of two deviation from O.CO pre- 
dictions. If one imposes such a criterion in practice, 
it appears that detector resolution is not likely to be 
a serious limitation in searching for compos i teness . 



Sea ling VT lat ions i n x^^ 

The methods which have been discussed for looking 
for contact interactions all involve looking for devia- 
tions from QCO predictions. Tor example, EHlQ suggest 
looking for increases of a factor of two in single jet 
and lepton pair production. One night worr^ that there 
are uncertainties in the (JCD predictions of this order, 
coming frofn higher order terms in the perturbation ex- 
pansion and from uncertainties in the structure func- 
tions. It is widely believed that, by the time the SSC 
Curns on, the Structure functions will be known over the 
required x and range to better than 20^. 

To get soine notion of the size of higher order 
QCD effects, we performed a simple exercise. We com- 
puted the single jet cross-sect ions ^ as in EHLQ, as a 
function of Pj_ at y-0. But, instead of taking 
0.2 m pj^2 ^ argument of the structure functions 

and the couplings, as in EHLQ, we took (l^ ' p^/k . 
This led to changes in the cross-section of no more 
than 25^ over the p|_ range of interest. Thus, the 
criteria employed by EHLQ for establishing the existence 
of contact terms are probably reasonable. 

An alternativft approach for searching for contact 
terms has been suggested by Pilcher.7 m the naive par- 
ton model, the quantity P dp ' fdy ^ function only 
of xj_* 2pj^//? . In QCD, this scaling behavior is 
slightly modified due to the Q^-dependence of the 
coupling constant and structure functions. fn the 
multi-TeV range relevant to the SSC^ roughly 



dc 



X dpj^dy 



^0 ' f (x } 



(3) 



(See Fi gure 1 . be 1 ^) 



Of course, if contact terms are present, there 
should be dramatic deviations froni scaling as we ap- 
proach the scale A, Observations of such scaling vio- 
lation might be more convincing than simple deviations 
in the raw rate. With this in mind, we have plotted 

' ^/dpj^dy vs. in Fig, 1, using the contact 

term in EHLQ (Eq> 1) with n--l . and A » 25 TeV, as 
well as the pure QCD prediction, for several values of 
the bean energy. 

The data points represent xj_ bins of O.O^* per 
unit of rapidity. At xj_»0.28, there are approximately 
200 events per bin for an integrated luminosity of 10^0. 
The scaling violations are quite dramatic, so this tech- 
nique could provide convincing evidence of contact 
interactions, to rather large values of A. 

Clearly one concern will be the linearity of the 
detectors over the wide range in pj^ required (0,5-6 
TeV) . It would obviously be desirable to run at several 
energies so as to minimize such systematic uncertainties. 



Angular Distributions 

If deviations from QCO predictions for jet cross- 
sections are observed, one will want to obtain as much 
information as possible about their underlying cause. 
One might hope, from jet angular distributions, to pro- 
vide further evidence for contact Interactions, and to 
learn about the form of these interactions. in Fig. 2, 
we have plotted the jet cross-section for pure QCD, at 

^boost ' ^^^^^1 ''•V^) " , as a function of 

y - l/2(y| - y^) . In Fig. 3, we have plotted the same 

quantity with two forms for the contact Interaction. 
One is the pure left interaction of Eq, (1); the second 
is a pure vector interaction. (Please see next page) 
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SO that the curves wi H coincide, we have taken 

A" 10 TeV for the first case; A « 1^,3 TeV for the second. 

In both cases » pj^»5TeV/c, and r\'') , 

As one may see from the figures, the QCO distribu- 
tion is distinctly flatter than the distribution in the 
presence of contact interactions. Unfcrtuna te I y » the 
angular distributions for the LL and VV cases are vir- 
tually t dent tea I, This is also true for n ■ +1 (not 
shown). Thus, angular distributions are likely to pro- 
vide further evidence of conpos i teness » but probably 
won't be too helpful Irt determining the form of the 
underlying contact interactions. 



Polar izat ion 

Any new interactions binding preons into quarks 
are almost certainly parity violating. Thus* one might 
hope to get a handle on composite structure by searching 
for parity violation beyond that e^tpected from electro- 
weak interactions. In particular, parity violating 
asynmetries in polarized pp scattering would be a useful 
tool In searching for and disentangling any composite 
structure . 

There are two ways in whicn polarized beans 
could piay a role in exploring compos i teness , First, 
if significant deviations from QCD predictions for, 
e.g., jet c ross- sect ions are observed, polarization 
could help determine the structure of the corresponding 
contact interactions. Obviously, If we had polarized 
quark beams, this would be rather easy. However, even 
in the real world of polarized protons, a good deal is 
known about the parton structure funct ions for di fferen t 
helicities, so it should be possible to determine a 
good deal about the helicity structure of the under- 
lying interactions. 

One might also hope that polarized beams would in- 
crease one^s sensitivity to compos i te structure aHogether. 
In particular, one might hope to set larger limits on A 
than one can set by looking at, say* the inclusive 
single jet rate, $uch a study, for CBA energies, has 
been performed by Paige and Tannenbaum. We have 
scaled this computation up to SSC energies. 

The key to our analysis is a result due to 0. 
Hochberg,^3 who has studied extensively the spin-depend- 
ent Al tarell i-Par i 5 i equations. He has found that, to a 
good approximation, a prescription due to Carlttz and 
Kauri'* obtaining polarized structure functions from 
unpolarized ones commutes with QCD evolution. In other 
words, we may take the distribution functions given by 
EHLQ at a given q2 , and operate on them with the Kar- 
1 i tz-Kaur prescription to find the polarized structure 
functions at that (l^ . In fact, following Paige and 
Tannenbaum, 1 2 we used an even simpler prescr I pt ion » ob- 
taining the structure functions from SU(6) relations. 
Thus, 

u _ ■ 5/6 u u . . ■ 1/6 □ 



- l/3d 



- 2/3 d 



(5) 



Figure 3. Same as Figure 2, with two types of 
contact interaction. 



Here the first subscript denotes the quark helicity, 
while the second denotes the proton helicity. 

In order to compute the electroweak contribution 
to the asymmetry, we used the results of Ranft and 
Ranft,^5 who have computed the relevant QCO-e I ectroweak 
interference terms. For the compos i teness contribution, 
we take the same Interaction as In EHLQ, Eq. (I). This 
interaction Is pure LL ; thus It vanishes for all In- 
coming quark polarizations except left-handed quarks on 
left-handed quarks. We have computed the quantity 



I 



detailed study of how well one can do in disentangling 
the various types of contact interactions would cer- 
dQ^ da" tainly be desirable. As a simple, but interesting, 

dp. dy dp, dy example, note that the asymmetry (6) is equal in mag- 

(^) nitude and opposite in sign for pure left-left and 
pure right-right interactions. 



dg 
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Direct photons at high PJLare clearly Interesting 
probes of quark-quark interactions, and they have been 
the subject of some interest at this conference (sec, 
e.g., Feldman, these Proceed! ngs ' 6) . Clearly, if 
quarks show structure on 5SC energy scales, the single 
y production cross-section will be harder than expected 
from (ICO. This issue was considered by members of our 
group and a detailed discussion appears in these Pro- 
ceedings. Here we wiM just sutrwarize the major find- 
ings. S In QCD, the principal source of direct photons 
is a Compton-likc process, in which a gluon scatters 
from a quark, which emits a photon. Brems t rah 1 ung pro- 
cesses also make a sizable contribution* though this 
falls rapidly ac large pj_. If quarks are composite, 
there will be additional contributions. These can be 
described, for Pi_« A , by contact interactions. The 
lowest dimension operators which can contribute have 
the form 



e F ' 







(7) 



where is the covariant derivative (and thus includes 
a gluon coupling). Such an interaction would arise, for 
example, from production of an off-shell, excited fermi- 
on. This gives a contribution to the amplitude for 
qq yq of size s/a2 relative to the QCD contribution, 
and thus dominates once the subprocess energies are of 
order A , For s > a2 , we would expect the cross-sec- 
tion to become roughly constant, of order a times :he 
total cross-section. Of course, it might exhibit in- 
teresting structures, such as resonances, on scales 
of order A . 

Because photons are comparatively clean, one can 
tolerate relatively low rates. From QCD alone, Owens 
et al. find that with pj_' 3 TeV there are about 54 
events in a 1/2 TeV bin per year. If A»10, using the 
contact interaction above, this number is about doubled. 
So, direct photons can provide access to scales of about 
10 TeV. 



Figure 4. Parity violating b^ymmet r i es for 
the standard ^de 1 and the 
contact term with A ■ 30 TeV. 



The results are shown in Fig. above, for A - 30 TeV, 
In order to detemiine what limits one might set on A , 
we have tried to develop a criterion similar to that of 
EHLQ. First, we note that, in the absence of composlte- 
ness, A turns Out to be less than 10^ over the entire 
range of pj^ . To be conservative, we require that i be 
larger than 20^. Following EHLQ, we a^so require that 
there be at least an excess of 50 events in a 100 GeV 
bin in , for an integrated luninosity of 10^^ cm^. 
Then we fina that one can set a limit of 30 GeV on A . 
This is compared with the 20 GeV limit from jets (and 
the 40 GeV Unit from lepton pairs) suggested by EHLQ. 
If one requires that there be an excess of 50 events in 
all momentum bins above a certain value, one does not 
f.'nprove th-^ limit significantly. 

Thus, polarization slightly improves the limitsone 
can set on A over those from Jets, but one can still 
obtain a better limit from lepton pairs. Further 



Crossing the Compos i teness Scale 

It is possible that the scale of compos i teness Is 
only a few TeV. In that case, at high transverse momen- 
ta the quarks and leptons should appear as strongly in- 
teracting particles. Their cross-section should exhibit 
structure* such as resonances, and presumably will tend 
to a constant, geometrical value, of order lOir/A^ for 
quark-quark scattering, and of order a times smaller 
for gluon-guark scattering. Multiple * quark and lepton 
production sho>jld be coimon , with multiplicity distribu- 
tions similar to those of conventional hadron physics- 

Such a situation, at the SSC, should be quite 
striking. Of course, since we don't have monochromatic 
quark beams, it is natural to ask how much of this struc- 
ture we will be able to resolve. Towards this end, a 
quite detailed model for quark-quark and quark-gluon 
scattering was developed. We refer the interested reacer 
to the work of Bars^ and Albright and SarslO for the de- 
tails, and summarize the principle results here. 

As discussed in the Introduction, we expect the 
dynamics of the underlying preon theory to be similar, 
in-many respects, to that of QCO. In particular. 



we expect conf i nenent , described by pre-co!or flux 
tubes. Thus, composite fermions and bosons might weM 
He on linear Regge trajectories, reflecting approxi* 
Tate string dynamics. The major difference from QCO is 
that the preon theory necessarily has (alinost) massless 
fermionS (the quarks and leptons) , rather than' mass less 
pions. Also, to explain the lightness of the quarks 
and ttfptons, the preon theory must have a high degree 
of unbroken symmetry* so the spectrum should show large, 
approximate degeneracies. Using Regge Pole and duality 
argur^nts, and making some simplifying assumptions about 
the spectrum, a detailed model with a great deal of 
structure was constructed In this way, for both quark- 
quark and gluon-quark scattering. Note that gluon- 
qudrk and gluon-gluon scattering may be quite important 
If the scale of compos i teness is small, since the gluon 
distributions are so large at low x. 

For reasons of time, we have not been able to 
produce results for these detailed models. Of course, 
ft is not clear how much detailed structure will be 
visible once the cross-sections are folded with the 
parton distributions. One case where a similar type of 
structure has been considered for the SSC is techni- 
color. There, EHLQ^ have included techn t -vector mesons 
in certain production cross-sections. Not much struc- 
ture Survives; these resonances appear as broad en- 
hancements, if at all (see, e.g., EHLd, Figs* 6.10 - 
6.13). 

In our case, some care will have to be taken In 
now data is plotted. For example, jet cross-sections 
at fixed m2 integrated over pj_ and y* blow up, due 
to tne QCO contr i but ion whi ch blows up at t"0. So, 
one may wish to plot cross- sect ions as a function of 
m2 with a lower cutoff on pj^ , or as functions of ?j_ * 
or in some other way. As a simple first exercise, 
we did the fol lowing ; 

We assumed a neutral resonance in the s-channel . 
of mass A , width A/s , and coupling g , We plotted 
da/dM dy , with a cutoff on pj_ , for various values of 
A. Also, to avoid being swamped by g loons, we included 
only the quark-ant i quark component of the cross-section. 
For A - 3 - 6 TeV, and p, •0.5-2 TeV. no structure 
was visible m the cross-sect ion . This is clearly an 
area for further work, however. Perhaps more ingenious 
cuts, or focusing on leptons, can enhance Structure. 



Compos i teness fn the tt Channel 

Anong the prinicple attractions of compos I teness 
are that it might explain the generation puzzle and the 
origin of quark and lepton masses. If compost teness is 
somehow tied to che breaking of SU(2)xUfl) (as in ex- 
tended technicolor), then scales of order a few TeV may 
be contemplated. The major constraint on such ideas 
comes from rare processes. Large suppressions of 
strangeness changing and lepton number violating pro- 
cesses must somehow be arranged. This can occur If the 
theory has, in some approximation, a very high degree 
of symmetry among the generations- For example, in 
EHLQ» It was assumed that the four-feriDi interactions 
are flavor blind; this automatically conserves all quark 
and lepton flavors. Hc*/ever, it )s not easy to con- 
struct models with so much symmetry,^ 

Thus, if compos i teness occurs at scales less 
than ho TeV. rare processes might be avoided by some 
TVDre intricate means. 

Wi rh this in mind, George Snow considered the 
possibility that composi teness leads to a significant 
ennancefTient of t pair production, but not much add i t iona I 
e or V oroduction. This idea was motivated by two 
classes of models. One, due to Pati J? In which there is 
a lower compos i teness scale for heavy quarks and leptons 
than light ones; one. cue to Bars.^ In which the t's are 
in the same family as the u and d quarks. In the first 
cas^, the principle four-ferml terms couple b and t 



quarks to t leptons; in the second they couple u and d 
quarks to r leptons, with e and j couplings suppressed 
by mixing angles. No matter how seriously one enter- 
tains either class of models, it is clearly quite impor- 
tant to keep in mind the possibility of some non-trivial 
flavor dependence and violations of universality, and t 
identification is thus desirable. 

Most of Snow's calculations (performed in collab- 
oration with K, Lane) are for the Pati-type model. For 
the Bars-type model, one can determine the rates as a 
function of mixing angles simply by examining Fig. 8-16 
in EHLQ, and multiplying by any assumed mixing angle. 
With interaction 

J. . i|. .[b, \ * K \ \ \ y'' \\ (8) 

Snow finds that, for A- 4,5 TeV, the cross-section is 
^jy.O 10 ^ nb , a factor of ten larger than 

the pure QCD rate. t's may not be too hard to detect, 
because of the low multiplicities of their decay prod- 
ucts. After considering various backgrounds, Snow con- 
cludes that a factor of ten enhancement in the t-slgnal 
is detectable, so that in models of this type, A's up to 
about 5 are detectable. 

Determining, more generally, the Sensitivity of 
the SSC to violations of universality will depend clear- 
ly on how well one understands the detection efficiency 
for ft ' s , u ' s , and t's. 



New Particles Predicted by Composite Hodels 

While no truly complete or compelling model of 
composite quarks and leptons currently exists, many of 
the toy nxjdels which have been studied,' as well as the 
classification of models by Sars,^ suggest that such a 
theory might contain relatively light exotic states: 
colored particles with lepton number, color sextets, and 
so on. (Of course, among the highly excited states, 
there will certainly be excitations with such quantum 
numbers. Here we are interested In states with masses 
below A). The production and decays of such particles 
can be analyzed in the same fashion as hard quark scat- 
tering. One writes down operators of the lowest dimen- 
sion which can produce the desired decay and which obey 
the conjectured symmetries. This tooic was the subject 
of extensive discussion in the 1982 Snowmass Proceedings, 
and also in the Exotics group at this conference. We 
wish to add only one point to those discussions: 

tt is usually assumed that the decays of such 
exotics occur through magnetic moment- type couplings, 
However, the four-fermi operators whose role was so 
heavily stressed by Abo 1 ins et al,^ for scattering seem 
likely to be equally important here. First, there is 
not likely to be any particular suppression due to 
quantum numbers. For almost any conceivable exotic, 
there is some conventional three-body final state with 
correct helicity. color, and lepton number. Second, 
just as the coupling u^rt enhances the four-ferni 
operators over the form factors !n hard quark scattering, 
so this factor, in decays, compensates for the extra 
suppression due to three-body phase space. In general, 
then, we would advise those considering exotic decays 
to be rnindful that three-body final states are likely to 
be as important as two-body states. 
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The theory and tests of composite quarks and leptons are reviewed. A model that 
addresses the puzzle of lepton-quark symmetry within a family is presented. A dynamical 
mass generating mechanism is discussed. The present evidence that requires the compos- 
iteness scale to exceed 3 TeV is reviewed and further tests at the SLC, LEPI and LEPII 
that would be sensitive to scales as large as 20-25 TeV are emphasized. Signals that would 
correspond to compositeness at SSC energies are described. 
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1. INTRODUCTION 



What motivations do we have for considering compositeness as a possible scenario for 
new physics beyond the standard model? One obvious motivation is the historical evolution 
of our understanding of the structure of matter. When a curious listener is presented with 
the fact that matter is made of atoms which in turn contain nuclei made of protons and 
neutrons and that these are composites of quarks, he or she is led to ask the inevitable 
question of whether quarks as well as leptons themselves may contain other "stuff' in 
them? As physicists we have not reached yet the stage of answering this question. Many 
of us have suggested preon models for composite structures that are as large as 10~^^cm 
as well as string models that characterize all matter as composed of strings at distances of 
10~^^cm. These are widely different pictures of the structure of matter. From all available 
experimental evidence and its theoretical interpretation in terms of the standard model, 
all we can say is that the quarks and leptons have no visible structure up to distances 
as small as 10~^^ cm and that according to accepted theoretical principles it is possible 
that new structure at around 10~^^cm or smaller distances may exist. The accelerator 
energies required to probe such distances will be available at future planned accelerators 
and therefore it is imperative that we investigate this question. 

The standard model, as presently formulated, is very successful in explaining all known 
data- except for the 17 parameters it contains and the puzzles associated with the family 
repetitions as well as the lepton-quark symmetry within a family. In looking for new 
composite structures beyond the standard model one has the hope that some or all of 
these phenomena may be explained. That preonic composite models of quarks and leptons 
have this potential has been emphasized by many authors before [1], and some aspects of 
how this can happen has been illustrated in various models [e.g. ref 2]. Of course, other 
approaches are also candidates for explaining the puzzles left open by the standard model, 
and in particular I should emphasize that superstring theory has provided very attractive 
theoretical possibilities for solving some of these problems. Some of the string mechanisms 
that address these questions, without invoking any other composite structures, are more 
elegant than the ones presented in conventional preon models. Admitedly, string models 
are presently more attractive to many theorists, including this author, because they hold 
the promise of providing a fundamental theory of all forces, including quantum gravity. 
Some hybrid ideas using string and preon mechanisms have also been discussed by a limited 
group of physicists primarily from Maryland, consisting of Pati and collaborators [3]. In 
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the absence of experimental clues all of the above ideas remain as speculation. Hopefully 
the new accelerators will shed some new light and provide much needed experimental 
guidance. 

One weakness of preon ideas is that they rely on scenarios which, at this stage, are 
hard to verify in confining strongly interacting theories. Therefore, there is disagreement 
even among experts as to whether a particular scenario is really consistent within the 
dynamics of the proposed theory (e.g. under what circumstances can we obtain massless 
composite fermions ?). Nevertheless, assuming that only the most general outlines of such 
an idea are theoretically consistent, preon models, whose scale of confinement is a few TeV, 
make dramatic predictions that can be tested in coming accelerators. 

Although the dynamics of preon models remains somewhat obscure, other features, 
such as the emergence of symmetries naturally from the kinetic term of the preon La- 
grangian, the classification of composites in ways that tend to give family repetitions 
automatically as a requirement of anomaly cancellation or matching, the absence of the 
hierarchy problem and the potential for dynamical mechanisms of mass generation are still 
some attractive features of this approach (see discussion in a later section). 

In this talk I will concentrate on certain tests of compositeness that rely only on 
general properties of the theory of composite quarks and leptons [2,4-10]. Similar as well 
as additional tests can be found in refs. [3,11-13], but some of these may involve additional 
assumptions. I will take the W^^Z as elementary, at least at the scale of preons. Tests 
for composite W's and Z's are discussed in e.g. refs. [14,15]. The properties that I will 
explore are based on the assumptions that 1) preons are confined by a new confining force 
that we call Precolor and that 2) at the confinement scale M (> few TeV), the symmetries 
of the vacuum state permit unbroken chiral symmetries that include SU(3)xSU(2)xU(l) 
with quarks and leptons appearing in the familiar representations (plus perhaps additional 
families as well as exotics - for tests involving exotics see ref.[8] ). 

At low energies a model independent approach is the method of effective Lagrangians. 

where the first part describes the standard model (without the Higgs, in this approxima- 
tion), while the second part is suppressed at low energies by powers of 1/M, for dimensional 
reasons. If M is sufficiently low the second part gives rise to a number of effects that rep- 
resent deviations from the standard model. These include rare decay modes and mixings. 
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anomalous magnetic moments, fi dacay, and deviations in angular distributions in scatter- 
ings such as e+e~ ^ bb^tt. I will argue that there is evidence for M>3 TeV, and 
that the SLC, LEPI, LEPII can be sensitive to scales as high as 20-25 TeV. 

At energies close to or above the scale M we expect a dramatic manifestation of the 
new strong interaction with cross sections much above the QCD background, and with the 
possible appearance of a whole new set of heavy states that can cause resonances in cross 
sections. I will argue that if 5 < M < 20 TeV, the SSC is expected to easily see detailed 
evidence of compositeness. If M is larger, the SSC remains sensitive up to M ^ 100 TeV. 

In this analysis it is useful to make analogies between the new confining force and 
QCD . For example, confinement through precolor flux tubes would lead to a spectrum of 
heavy states that lie on approximately linear Regge trajectories [5], as is known to be the 
case experimentally in QCD. This is illustrated in Fig.l. 



Fig.l - Approximate spectrum of composites. 
Note the massless composite fermions with spin- 1/2 that result from unbroken chiral 
symmetries. We will choose M to correspond to the mass of the first heavy vector meson 
composed of preon-antipreon. This is the analog of the rho in QCD. Furthermore, in the 
energy regime E M we may model our strongly interacting amplitudes by analogies 
to low energy strong interactions involving the concepts of resonances, Regge exchanges, 
Pomeron (precolor glueballs), all of which are approximately representable by a version 
of the dual resonance model [5]. The low energy limit of these amplitudes are arranged 
to reproduce the effective non-renormalizable interactions that appear in the effective la- 
grangian above. Thus, the low and high energy analysis of composite models are corolated. 
At energies E ^ M, QCD and the electroweak interactions are negligible relative to the 
strong precolor interaction. Therefore they can be accounted for perturbatively in the 
same way that the electroweak interactions are a perturbation on QCD at energies of a 
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few GeV. By contrast, at low energies the effects of the short range (confined) precolor 
interaction is neghgible, and the standard model interactions dominate, as observed in our 
present energy regime. 

In both the low energy as well as the high energy analysis the assumed (nearly) 
unbroken chiral symmetry plays a major role. First, since it is an (nearly) unbroken 
symmetry, it helps classify the massless as well as the massive states. For the massive 
states, this implies the existence of nearly degenerate (as compared to M) particles with 
different flavor- color-family quantum numbers, since the breaking scale in these quantum 
numbers for the usual quarks and leptons is much smaller than M. For an SSC scale analysis 
this has some obvious implications. It would suggest that leptoquarks, family changing 
vector bosons, colored vector mesons, etc. would be at approximately similar masses, 
and could give rise to interesting signals [6]. Second, at both low and high energies, the 
unbroken chiral symmetry provides a method for classifying the interactions. For example, 
in the effective low energy lagrangian, the 4-fermi interactions must obey chirality and also 
must be invariant under the surviving non-abelian chiral transformations. The same is true 
at high energies. The invariant amplitudes must be classified according to chirality and the 
non-abelian symmetries, as in ref.5. The low energy limit of these amplitudes reproduce 
the 4-fermi interactions, thus insuring compatibility of the low and high energy analyses. 

2. A MODEL FOR LEPTON-QUARK SYMMETRY 

Before discussing tests it is useful to illustrate the construction of preon models by 
giving an example. In this section I will discuss a model that addresses the puzzle known 
as the "lepton- quark symmetry". I will propose a model which clarifies this "symmetry" 
and in particular justifies why leptons have no color while quarks have it, without apriori 
putting in this information "by hand". To my knowledge this particular question was not 
resolved and only minimally discussed in previous preon models or any other recent ideas 
that go beyond the standard model, and this is part of the reason why I am presenting 
this model in this talk. The model has other features which help in the solution of other 
problems connected with low scales of compositeness, as will be emphasized later in dis- 
cussing tests and mass generating mechanisms, and thus help illustrate both the questions 
and possible solutions. 

Consider an asymptotically free precolor gauge theory based on SU(4). Take 3 bosonic 
preons 0^, a=l,2,3 together with N left-handed i/;]^ and N right-handed ^0;^ fermionic 
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preons, iJ=l,...,N, in the 4-dimensional fundamental representation of precolor. The 
kinetic terms of this theory automatically pocess an anomaly free "flavor" symmetry 
G=SU{N)lxSU{N)rxU{1)v^SU{3)xU{1)^, According to SU(4)xG we classify 

= (4; N, 0, 0)o; ^I^r = (4; 0, N, 0)o; = (4; 0, 0, 3)_i/6 

where the subscript indicates the [^(l)^^ charge, while the U{l)v is not indicated since it is 
obvious. We assume that the G symmetry remains unbroken (this cannot be proven with 
available techniques at this stage, except for consistency conditions which are satisfied) 
and consider the G-classification of the following precolor singlet composites: 

(M) = {N, 0, 3)i/6; (^L0#) = {N, 0, 0)_i/2 
{i;R^) = (0, N, 3)i/6; = (0, N, 0)_i/2 

The SU(3) symmetry in this classification will be interpreted as the familiar color 
and will be gauged. Thus the first line corresponds to N left handed quarks and leptons 
while the second line corresponds to N right handed ones. There is a complete quark- 
lepton symmetry. The leptons are not a-priori required to be color singlets "by hand", but 
rather it is the requirement of confinement in precolor singlets (via the SU(4) Levi-Civita 
symbol) and bose statistics for the (j) preons which require that leptons emmerge as singlets 
of color. This mechanism provides an explanation of colorless leptons, as opposed to simply 
introducing extra preons associated with leptons, or putting in leptons "by hand" through 
large symmetry groups, as in grand unified groups. 

Furthermore, the existence of the leptons is required by anomaly matching of the 
"fiavor" symmetries listed above. For example the (V^t^) composites by themselves cannot 
match the triangle anomalies of {SU {N) L)^or{SU {N)r)^ between preons and quarks. The 
lepton composites are needed to just match these anomalies (i.e. there are 4 preons and 
also 4 composites in N of SU{N)l^ etc.) . The matching of the remaining anomalies is 
also non-trivial but do not require conspiracy between quarks and leptons, but rather they 
require conspiracy between left and right handed composites. Thus the 5/7(3), [/(l)^^ as 
well as the mixed {SU{N)l)'^xU{1)(I) etc. triangle anomalies, which are all trivially zero 
on preons term by term, become zero on composites only by cancelletion between lefts and 
rights. 

Another nice feature is the quantization of the [/(!)(/> quantum number on quarks and 
leptons in the form l/6:-l/2. We will relate this U(l) to the U(l) in SU(2)xU(l) of the 
standard model, thus explaining charge quantization of quarks versus leptons naturally. 
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To reproduce the gauge weak interactions of the standard model, we re-group the 
preons as follows. Let N=even (e.g N=6) and take the left handed '0l in groups of two 
which will be assigned to doublets of a gauged SU{2)l embedded in SU{N)l. Thus there 
will be N/2 (e.g N/2=3) such doublets of preons which will result in N/2 left handed 
doublets of quarks and leptons. Similarly, we can identify a right-handed SU{2)ji^ and 
we will be interested in the generator T^r embedded in this group. Then the hypercharge 
generator Y of the standard model is identified as the linear combination of T^r with the 
generator K of C/ (l)^, Y = T^r + K. The U(l) generated by Y will be gauged. Thus under 
the gauged SU{3)xSU{2)lxU{1)y we find that the composite quarks and leptons fall into 
the familiar classification, with N/2 repetitive families. The number of families (N/2) is 
put in by hand in this model. 

The gauging of SU(2)xU(l) breaks the SU{N)l^SU{N)rxU{1)v symmetry to 
[SU{2)Lx\]{l)]gauged X [SU{N/2)l x5C/(7V/2)f,,x5C/(7V/2)^,xC/(l)xU(l)],zo6a/ • The 
global part of this symmetry acts as a family group. Each of these SU(N/2)'s act si- 
multaneously on quarks and leptons. The one labelled by L acts on doublets, the ones 
labelled by U,D act on the right handed counterparts of the "up" and "down" members 
of the doublets. This type of symmetry group is very desirable in order to implement a 
GIM-like mechanism after mass generation, as will be discussed further below. 

If desired, we can put more structure in our model by reinterpreting some of the N/2 
families as technicolored composite fermions by letting them carry technicolor quantum 
numbers in order to assist in a dynamical mass generation mechanism as will be alluded 
to later. Thus, we might arrange to have 3 families and a technicolor group SU(t) which 
is vector-like, by taking N/2=3+t. 

We will return to properties of this model below when discussing limits on the scale M 
and a mass generating mechanism. But first let us examine some limits on M in a model 
independent approach. 

3. LIMITS AND TESTS AT LOW ENERGY 

3.1. 1. Rare Processes 

We start with the 4-fermi interactions in the effective Lagrangian. 

7 



which can be thought of as arising from the low energy hmit of ampUtudes that may be 
represented by preon duahty diagrams. For example, for the model in the previous section 
we have the types of processes depicted in Fig. 2 for quark (q) and lepton (1) scattering. 



Fig. 2 - a)qq qq\ h)qq II ; c) II ^ II 



In specific models, these 4-fermi interactions must be taken consistent with the unbroken 
preon fiavor symmetries G. When these symmetries allow the 4-fermi terms listed below, 
then the corresponding limits on the table are obtained [4, 5]. (These are the most severe 
restrictions, for additional processes see ref.[ll].) 



where A stands for A1234 for the appropriate process. When the symmetries allow A / 
the underlying strong precolor interaction suggests the magnitude A^/47r 2 in analogy 
to p exchange in QCD. It is clear that, for a model whose symmetries do not eliminate 
all of the processes above, M would be required to be above at least 100-150 TeV. Such 
a model would not be testable in the foreseeable future. Therefore it is crucial to hunt 
for models whose symmetries require A = or suppressed for all the rare processes above. 
Although a), b), c) can be avoided by symmetries in classes of models, it is very hard to 
completely eliminate d), as discussed in refs.[4,5]. This problem is intimately connected 
to family replication. Whatever mechanism replicates the electron to the muon is likely to 



4-fermi term 



Process 



Limit M> 



a) eduu^ 

b) sdsd 

c) cucu 

d) sdeii 



proton decay AxlO TeV 

- mixing Ax400 TeV 

- mixing Ax50 TeV 
Trifle, Kl /xe Ax30 TeV 
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replicate the down quark to the strange quark. Then family, lepton and downess quantum 
numbers will be separately conserved by d), and therefore this term will be present. There 
may be ways of avoiding the problem. Possible cures were suggested in the past either by 
dissociating the replication of quarks from the replication of leptons (this means usually 
more preons), or by appealing to lucky accidents in the mass matrix in the presence of 
extra families, as discussed in refs.[7,16]. 

However a more attractive possibility emmerges in a model of the type discussed 
in the previous section, in which the structure of quarks and leptons are quite different: 
Examining the processes in Fig. 2, it is evident that the amplitudes for 4-quarks is different 
than 2-quarks plus 2-leptons or 4-leptons. It is possible, through a Zweig-rule suppression 
mechanism, or lack of overlap of lepton wavefuntions with quark wavefunctions, that qq 
II is suppressed relative to qq qq. If we can get a suppression factor of 10-30 in A from 
this machanism then the above table indicates that for such a model the processes in d) 
cease to put a severe restriction on the preon scale M. This probably implies also that 
II II is even smaller, so that e+e- experiments (that will be discussed below) may not 
put any severe constraints on M in such a model. Only the qq qq amplitude which is 
relevant for purely hadronic experiments (e.g. at the SSC) would be sufficiently large to 
yield measurable effects at the accessible energies. 

In some of the models of ref.[3] there is still a different suppression mechanism at 
work. In this case the first two generations are composites at a much larger scale (they 
are practically structureless) as compared to the compositeness scale of the third or forth 
generation, which is comparable to our M. However the physical states contain small 
admixtures of these. Therefore the 4-fermi interactions among 1st and 2nd families is 
suppressed by a factor (sina)^ and those involving two fermions from 1st or 2nd and 
two fermions from 3rd or 4th generations are suppressed by (sina)'^. Thus, process d) is 
suppressed by {sina}'^. An estimate of the mixing angle a and the mass scale M leads 
these authors to believe that if process d) is not seen in the next round of experiments at 
Brookhaven it would eliminate their model. 

For the rest of this talk I shall concentrate on a model whose scale M is reasonably 
low so that it has measurable consequences at low energies or at least at the SSC. I will 
not restrict the discussion to any specific model. 
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3.2. 2. Muon Decay 

If M is sufficiently low it can modify the rate for /i-decay. The 4- fermi interaction 

contributes to the decay rate. We find 



The precision of the Berkeley- Triumph experiment puts a limit M>2.9 TeV. 

3.3. 3. Anomalous Magnetic Moment of Muon 

This has been discussed many times before [17,18]. The effective term responsible for 
this effect can arise only after the mass generating mechanism is turned on. Therefore, 
the term is proportional to the mass of the muon, and would vanish in the exact chiral 
symmetry limit. Dimensional considerations require the form 



where e, the electromagnetic charge is present since an interaction with the photon is 
involved, and A is a model dependent form factor. The contribution to the anomalous 
magnetic moment is proportional to (m^/M)^, and therefore is suppressed. The Hughes- 
Kinoshita analysis [10] leads to the limit M > AxO.72 TeV. We cannot estimate A reliably, 
but it probably is of order 1. So this is not a very severe limit. 

3.4' 4' Electron- Positron Scattering 

The scattering cross sections for e+e~^ //, where f is any fermion, would receive 
corrections from 4-fermi terms of the following type 



where the coefficients a,b,c,d,e are generally model dependent. They are probably of order 
1 if allowed by the symmetry structure of the model (note, however, the suppression 



r 47r 



(ITeV^/M^) 




2M2 



[aLL{eL7fieL){fLl^fL) - CLR{eLl^eL){fRY fn) 
+ hLRieLi^j^fMnYeR) + dLR{eLeR){fLfR) 
+ eLR{eLfR){fLeR) + {L^R)] 
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mentioned above in part 1., which can arise in certain models, such as the one presented 
in the previous section, or ref.3. In this section we assume no such suppression) . Note 
that the last five terms obtained by interchanging left with right have coefficients that are 
generally different than the ones appearing in the ffrst ffve terms. Thus, generally parity 
and charge conjugation invariance is violated if an underlying left-right asymmetric preon 
model violates these symmetries through its precolor interactions.lt is very interesting 
to hunt for such P or C violating effects that are expected to increase with energy and 
eventually overcome the P and C violation effects of the weak interactions. The coefficients 
b,d,e tend to violate chirality, therefore they would be identically zero in many models (i.e. 
they are of order m//M x rrie/M to some power). However there would also be many 
models for which chirality operations should simultaneously be applied to the electron and 
some other fermion (e.g muon) because they may share the same preons. For those cases, 
even though masses would be prevented, certain 4-fermi interactions, like the coefficients 
of b would be allowed. It is hard to imagine that d or e-type interactions would be 
allowed. Therefore, we will assume that d and e are negligible, but will include b in our 
analysis (keeping in mind that for certain models it will be zero). The coefficients a,c are 
always allowed since they cannot be prevented by any symmetry. It is possible to analyze 
models by drawing preon diagrams (analogous to duality diagrams) and obtain relative 
ratios between a/b/c that correspond to a simple counting of the number of diagrams 
contributing to each chirality projection above. This kind of analysis was introduced [5] 
at the level of the higher energy amplitudes but can equally apply at the low energy limit. 

Eichten, Lane and Peskin [19] estimated the deviations in Bhabba scattering that 
would be caused by a model with nonzero aLL- They found observable deviations at low 
energies (PEP, PETRA) if the scale M is low. For agreement with measurement it has 
been found that M>2-3 TeV. In collaboration with Gunion and Kwan [20], we extended 
this analysis to include effects of polarization and analyzed the more general model with 
all allowed coefficients . We found that if sufficiently precise measurements of angular 
distributions are performed the sensitivity of the SLC and LEP-I to compositeness would 
extend to M<7 TeV. Such measurements, if they yield any deviations from the standard 
model, would be capable of also disentangling partially the coefficients a,b,c and measuring 
the possible left-right asymmetry in these coefficients. The analysis of ref.l2 was not very 
sensitive to the amplitude b which, as remarked above may be present in some models. 
Together with Eilam and Gunion [21] we suggested polarized beam processes that are 
sensitive to this amplitude. Since there is no standard model background for this amplitude 
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any effect at all would be interpreted as new physics. It appears, however, that after taking 
into account various restrictions from SU(2)xU(l), and estimating possible contributions 
from the amplitude b to the electron mass, it is not easy to get a measurable effect that is 
due solely to this amplitude, although it may be worth a try [see ref 21]. In our work in 
ref.[21] we also extended the analysis of refs. 19,20 to the energies applicable to LEP-II. As 
illustrated in table 1, if M<25 TeV, the unpolarized cross section would show impressive 
deviations from the standard model at the higher center of mass energies. The quantity 
that is tabulated is A, as defined below, which is the percentage deviation of the cross 
section from the standard model in the reaction ee it (similarly for other heavy quark 
pairs). 

The deviation A is given at center of mass energies ranging from 100 to 200 GeV and 
at certain backward angles (cos^), where it is large. It is even larger at larger backward 
angles. 







M(TeV) 








cos^ E(GeV) 


5 


10 


15 


20 


25 


-0.4 100 


-0.003 


-0.001 


-0.001 


"0" 


"0" 


-0.7 110 


-0.017 


-0.010 


-0.005 


-0.003 


-0.002 


-0.8 120 


+0.077 


-0.003 


-0.003 


-0.002 


-0.002 


-0.8 150 


+1.35 


+0.192 


+0.074 


+0.039 


+0.024 


-0.7 200 


+3.55 


+0.49 


+0.185 


+0.098 


+0.061 



It seen that, even for compositeness scales as high as 20 TeV, LEP-II can detect 9.8mass 
energies of 200 GeV and cos^=-0.7, and larger deviation at larger backward angles. There- 
fore, such measurements will set the mood for prospects of discovering compositeness at 
the SSC. It must be understood that these remarks apply provided there is no suppres- 
sion mechanism for 4-fermi interactions involving leptons, as in Fig. 2. If there is such 
suppression then the bounds on M should be relaxed accordingly. 



4. A SCHEME FOR MASS GENERATION 

The main theoretical emphasis in composite models has been on obtaining massless 
composite fermions. Assuming that such a model has been constructed, there still remains 
to understand the origin of mass of quarks and leptons. 
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It is attractive to speculate that the SU(2) breaking required to generate masses for the 
W and Z has its origin in a dynamical theory of technicolor, which requires technifermions. 
It was suggested some time ago by Bars [22,2] and Preskill [23] that the technifermions 
might be composites of preons and that the SU(2) breaking may be transmitted to the 
quarks and leptons via the effective 4-fermi interactions involving two composite tech- 
nifermions and two composite quarks or leptons. It was later suggested by Bars [7] that in 
this scheme high color representations of ordinary SU(3)-color composite fermions (which 
may be born simultaneously with the quarks and leptons in the same model) may pro- 
vide the same mechanism as technifermions, thus providing a more economical mechanism 
without introducing technicolor as an additional force. 

Recent work by Chivukula and Georgi [24] has expanded on the technicolor version of 
this scheme (but their remarks can be extended to the high-color-representation scheme as 
well). They are concerned with the implementation of the GIM mechanism and suggest, 
at the 4-fermi level, an (SU(3)xU(l))^ family symmetry which would guaranty that no 
dangerous neutral current interactions are generated. Thus, they require an SU(3)xU(l) 
family symmetry separately for each of the following: left-handed quark doublets, right- 
handed charge 2/3 quarks, right-handed charge -1/3 quarks, left-handed lepton doublets, 
and right-handed charged leptons. Then they remark that the type of 4-fermi term that 
would generate masses for quarks and leptons (after technifermion condensation) breaks 
this symmetry and is of first order in preon masses (which are assumed to arise from 
some unspecified symmetry breaking mechanism ). Since a preon mass must appear in the 
numerator, for dimensional reasons an extra power of the precolor scale M must appear in 
the denominator. Thus, these terms are proportional to A^m/(47rM^), where m stands for 
the preon mass matrix in the up, down, or charged lepton sector, as appropriate. None of 
the preon masses m can exceed M since otherwise there would be no reason to expect a 
dynamically unbroken chiral symmetry that protects the quarks and leptons from acquiring 
a dynamical mass of order M. This reasoning allows one to put an upper limit on M by 
considering the lower limit on the top quark mass m(top) > 23 GeV. After translating the 
conventions of ref.[24] to my conventions, their limit implies that the precolor scale should 
be bounded by M < (7 - 10) TeV. 

A few remarks are in order. First, the Chivukula-Georgi symmetry is too large to 
achieve economically in preon models (no such economical model is known to this author). 
It is likely that this symmetry requires separate preons for every quark and lepton . Then 
there is the danger that almost none of the puzzles that preon models are hoping to 
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answer would be answered. Thus, I suggest that a smaller symmetry would be sufficient if 
dynamical (rather than symmetry) mechanisms suppress the 4-fermi interactions involving 
two quarks and two leptons. A model in which this may be true was presented in one of 
the previous sections of the present paper (see discussion about Fig. 2). Then it is enough 
to have three SU(3) family symmetries that act on the left-handed quark doublets, the 
right-handed charge 2/3 quarks and the right-handed charge -1/3 quarks. These SU(3)'s 
may simultaneously act on the leptons as well. If they do act simultaneously on quarks and 
leptons they allow certain undesirable 4-fermi couplings for two quarks and two leptons. 
But assuming that these are sufficiently suppressed they cause no harm from the point of 
view of existing bounds. These SU(3)'s are sufficient to implement the GIM mechanism 
and they can be achieved quite economically as illustrated in the above model. Other 
models that included this kind of symmetry were constructed before [2,7], and the role of 
the symmetry for the GIM mechanism was commented on in refs.[7,20]. 

A second remark concerns the ratio of 4-fermi couplings involving two technifermions 
and two quarks versus two technifermions and two leptons. These could be very different 
from each other. In a model of the type presented above the coupling involving leptons 
is likely to be much smaller. This is good because it has the potential for explaining the 
smallnesss of lepton masses versus quark masses. 

A third point is that certain 4-fermi interactions involving two ordinary quarks and 
two ordinary leptons must also be taken into account in the analysis of the mass matrix. 
When we close the quark legs with a massive propagator for the quarks this generates a 
mass for the leptons, and similarly when we close the lepton legs it generates a mass for the 
quarks. The momenta involved in such loops should be cutoff at the technicolor scale rather 
than the precolor scale, since the massive propagator is sensitive to technicolor. The type 
of 4-fermi interaction that may do this preserves the total chirality of quarks plus leptons 
but not of each separately. This type of 4-fermi term was discussed in ref.21; an example 
which preserves SU(2)xU(l) is QL^ReRlL^ where Ql is the top-bottom quark doublet and 
II is the neutrino- electron doublet. If the bottom loop is closed with a massive b, and a 
cutoff used, this generates a small mass for the electron, of the right order of magnitude. 

Thus, we see that a variety of 4-fermi terms may participate in the mass matrix and 
could give interesting mass patterns. Further research using this approach is waranted. For 
this mechanism to be useful, the precolor scale must be reasonably low. This is encouraging 
from the point of view of being able to test the model experimentally. Note however that 
if leptonic 4-fermi couplings are suppressed as suggested by models of the type of Fig. 2, 
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signals in electron-positron annihilation experiments will also be suppressed even though 
the precolor scale is low. Then it is the hadronic machines that would have a better chance 
of testing such a theory, as discussed below. 

5. TESTS AT THE SSC 

Next, I would like to report on phenomenological studies that relate to the SSC by 
concentrating on the reactions pp or p^ jets or lepton pairs. In ref.[25] EHLQ did the 
analysis under the assumption that compositeness interactions are represented by 4-fermi 
interactions. This is true if the SSC (parton+parton) energies would be far below the 
compositeness scale. Provided we assume this, their work produced plots of cross sections 
that decrease with energy, and in which the compositeness correction remains above the 
standard model background and detactable up to a scale of M^20 TeV. 

However, if M is as low as 20 TeV the 4-fermi description of precolor interactions is 
no longer correct, and a model of energy and angle dependent amplitudes is necessary. 
For this purpose a model for the scattering amplitudes of the elementary processes among 
the partons (quarks, gluons quark pairs, gluon pairs, lepton pairs) as composed from 
preons was introduced [5]. The assumption was that at the SSC there would not be 
sufficient energies to get to the assymptotically free region of precolor interactions, so that 
precolor interactions should behave like the familiar strong interactions at low energies. So, 
we would expect resonances, regge behaviour (including a Pomeron= precolor glue balls), 
duality (reflecting string-like precolor confinement) and finally a low energy behaviour 
equivalent to the 4-fermi interaction. Furthermore the amplitudes must be consistent with 
the surviving chiral symmetries. 

These properties are accomodated by building [5] the following chirality projected 
amplitudes to represent the reaction /1/2 fsf^ , where the f's are any set of fermions 

[^Ll(^3L7m^1l)(^2L7^^4l) + BLR{usLlf,UiL){v2Rl^V4R) 
- C'Li?(^3L7M^4L)(^2i?7^^^1i?)^Li?(^3L^li?)(^2L^4i?) 

+ Elr{uslV4r){v2lUir) + {L ^ R)] 

Any 4-fermi amplitude can be put into this form after Fierz transformations. On the 
basis of chiral symmetry the D and E amplitudes were taken equal to zero, while the A, B, C 
amplitudes were taken to represent the sum of (chirality projected) preon-duality diagrams 
that contribute to the elementary parton process. A table of the relevant diagrams and 
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their contributions is found in ref[5]. The ampUtudes for fermion + fermion fermion 
+ fermion is obtained from the above expression by crossing symmetry, and similarly the 
gluonic parton amplitudes can be built [6]. Each individual preon duality diagram was 
represented by Veneziano model type beta function amplitude. Similar diagrams (except 
for their quantum numbers) were represented by the same function. There were only a few 
independent such functions, but as a further first approximation all of them were taken to 
be identical, and equal to a beta function. For the channels allowing the vacuum quantum 
numbers a "Pomeron" contribution was added in such a way as to insure crossing symmetry 
(see ref.26 for a correction). With this construction the amplitude was guarantied to satisfy 
all the desired properties of resonances, Regge behaviour, duality , crossing symmetry and 
the correct normalization that reduces to the 4-fermi interaction at low energies. 

The elementary partonic cross sections built from these amplitudes were folded with 
the parton distributions of EHLQ of ref.[25]. This was done numerically in collaboration 
with Hinchliffe [26] in the case of jet final states, and in collaboration with Gunion and 
Kwan [16] in the case of leptonic final states. The result is a series of plots of cross sections 
that show a rich structure of bumps and shoulders and, most notably, very large cross 
sections, far above the QCD background. An example of jet final states plotted versus the 
jet invariant mass for various values of M=3,6,10,20,30,oc TeV is shown in the figure ,taken 
from ref.[15]. The limit of M=(X) is equal to the pure QCD cross section. 

This figure is produced under the assumption that the width of the jet-jet resonance 
is about 1/5 its mass, similar to the rho-meson in QCD. 



The width is model dependent and also depends on the quantum numbers of the resonance. 
Estimates for the widths in various models appear in ref.[27]. Resonances whose widths 

16 



are larger than 1/2 its mass flatten out to a degree that they no longer show as a noticeable 
bump. If the width is smaller than 1/5 its mass, then higher regge recurences also begin to 
show, as can be noticed slightly in the flgure. Ref.[26] found out that gluonic partons were 
negligible, mainly because a gluon's interaction introduces powers of the QCD coupling 
constant, which is small compared to the strong precolor interaction experienced by quark 
partons. Even though the gluonic partons are much more abundant at the SSC energies, 
the strength of the new strong interaction completely overwhelms this factor. 

Similar features apply also to lepton final states, as discussed in ref.[27]. 

From these results it is seen that if M is not too much larger than 20-25 TeV, then 
the cross section will be so large that compositeness will be easy to see at the SSC ,and 
its features will be completely distinguishable from other "new physics" signatures at a 
comparable scale. In refs. [26,27] the larger values of M are also discussed. According to 
reasonable criteria for observing "new physics" at the SSC, it was concluded that the SSC 
would remain sensitive to compositeness up to scales of the order 100 to 300 TeV, and at 
the larger scales the lepton pairs would be a more sensitive probe. 

A question which occurs is whether to expect multilepton or multijet final states to 
suddenly swamp the cross section if the compositeness threshold is crossed. We have argued 
that this could not be expected at the SSC, on the basis of confinement through precolor 
fiux tubes [27]. The point is that there would not be enough energy available to the preons 
to be able to break the confining string more than one time. Furthermore, phase space 
provides a big suppression factor for multibody final states even if the final particles are 
(almost) massless. Therefore we expect that 2-body final states will dominate the total 
cross sections although, of course, there would be a small fraction of multibody final states 
whose compositeness cross section will be significantly above the QCD background for the 
ranges of M under discussion. Further discussion on multibody final states can be found 
in refs. [6,9]. 
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